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ABSTRACT

Aspects of the early life history of 6 species of sciaenids
that spawned in west Louisiana shelf waters from December 1981 to
April 1982 were studied.

This research documented the distri

bution of larvae and tested a transport hypothesis that detailed
advective processes which affected their distribution and,
ultimately, recruitment into estuaries in southwest Louisiana, and
provided information on larva age and growth.
Ranked in order of abundance the six sciaenid species
collected were:

sand seatrout (Cynoscion arenarius) ; Atlantic

croaker (Micropogonias undulatus) ; spot (Leiostomus xanthurus) ;
black drum (Pogonias cromis) ; southern kingfish (Menticirrhus
americanus; and banded drum (Larimus fasciatus) .

Atlantic

croaker, spot and black drum were most abundant early in December
to February while sand seatrout were most abundant in April.
Larva density was highest in April and high densities were
associated with a freshet of water on the shelf that probably
issued from the Atchafalaya River east of the study area.

Most

larvae were captured in water less than 40 m deep even though some
were present to the shelf L*eak (115m).

Spawning by these

sciaenid species took place over the continental shelf and the
larvae were transported into near-shore coastal waters.

Transport

rates and larva transit times have been roughly quantified.
The density-distribution of sciaenid larvae and a suite of
environmental variables collected concurrently were analyzed
statistically by using canonical correlation analysis.

xv

Among the

environmental variables examined were micronutrients (nitrate,
silicate, phosphate etc.), temperature, salinity, chlorophyll a
and zooplankton biomass.

In general, sciaenid larvae were most

highly correlated with increased zooplankton biomass, but several
broad associations between larva density-distribution and environ
mental variables were identified.
The age and growth rate of the larval Atlantic croaker were
estimated from growth increments in saccular otoliths.

Examina

tion of the data suggested that the growth increments were daily
and were used to generate the linear growth equation

= 0.189

(t) + 0.634 mm TL which described larvae growth from an estimated
40 to 80 days old.
Two distinct morphological types (morphs) of larval sand
seatrout were identified.

The morphs were distinguished by 3

pigment differences and nearly 100% separation was possible.

The

two morphs also exhibited differences in body depth and larva
growth rates; differences were tested statistically with analysis
of covariance.

The morphs were separated in horizontal space and

little overlap occurred in their density-distribution.

xv i

INTRODUCTION TO THE STUDY AS A WHOLE

Members of the perciform family Sciaenidae are an important
sport and commercial fishery resource along the U.S. coast of the
Gulf of Mexico and are perhaps the most prominent group of
northern Gulf inshore fishes.

In numbers of species (18) they

exceed all other families, and in numbers of individuals, or
biomass, they are among the top four with mullets, Mugilidae,
anchovies, Engraulidae, and menhaden, Clupeidae (Gunter, 1938;
1945; Moore et al., 1970; Franks et al., 1972; Hoese and Moore,
1977).

Among those sciaenid species sought by both sport and

commercial fishermen are spotted seatrout (Cynoscion nebulosus) ,
sand seatrout (C. arenarius) , red drum (Sciaenops ocellatus) ,
Atlantic croaker,

(Micropogonias undulatus) , spot (Leiostomus

xanthurus) and black drum (Pogonias cromis) .

In the Gulf of

Mexico the commercial and recreational fishing industries have
expanded tremendously over the past three decades (Lindall and
Saloman,

1977; Adkins et al., 1979).

Approximately 90% (by

weight) of the commercial finfish catch and 70% of the recrea
tional catch is comprised of a group of species that are
considered "estuarine dependent" (Skud and Wilson, 1960; Thompson
and Arnold, 1971; Lindall and Saloman, 1977).

Many of Louisiana's

sciaenids are among this group as they spawn in coastal or off
shore waters and have pelagic eggs and young which are transported
into the estuaries (See Johnson, 1978 for review).

The seasonal

importance of Louisiana estuaries as nursery grounds for larval
and juvenile sciaenids is well documented (Appendix I).

1

In

addition, many authors have provided information on spawning,
reproduction, age, growth, fecundity and other aspects of sciaenid
life history from the Gulf and Atlantic coasts of the U.S.
(Appendix II).

Several summary works are available which contain

taxonomic and biological information on adult sciaenids (Pearson,
1929; Suttkus, 1955; Guest and Gunter, 1958; Hoese and Moore,
1977; Johnson, 1978; Powles and Stender, 1978; Barger and Johnson,
1980; Barger and Williams, 1980; Mercer, 1984a,b).

Other works,

pertinent to Louisiana, include information on tidal passes
(Dunham, 1972; Sabins, 1973), estuarine larvae and juveniles
(Herke, 1971; Rogers, 1979, Herke et al., 1984) and semi-impounded
estuarine waters (Herke, 1979 for review).
In contrast, there is little information about sciaenid
ichthyoplankton assemblages in Gulf continental shelf waters,
their offshore and coastal distribution and the mechanisms which
ultimately affect their recruitment into estuaries.

The results

of previous ichthyoplankton investigations with information on
sciaenids from Gulf offshore waters are presented in Table 1.
Many of these studies remain unpublished and provide "survey" type
data, reporting only positive collections, occasionally only at
the family taxonomic level.

The economic importance of sciaenids

is not reflected by information on early life history.

This study

attempts to address this inequity by determining the distribution,
transport and age structure of winter and early spring-spawned
sciaenids in continental shelf waters off west Louisiana.

3

The objectives and goals of this study were to
1)

document the spatial and vertical distribution of

sciaenid larvae in coastal and offshore waters off west Louisiana
in winter and early spring (Chapt. 1);
2)

determine spawning location (depth and distance from

shore) of winter and early spring spawned sciaenids off west
Louisiana (Chapt. 1);
3)

test, for sciaenid larvae, a previously described

transport hypothesis in the offshore area (Chapt. 1);
4)

estimate the age of the two most abundant sciaenid

species (M. undulatus, and C. arenarius) by examination of
saccular otoliths; to follow the age structure from their most
seaward occurrence to the nearshore zone; and to use the age data
in conjunction with length data to determine age-specific length
and growth (Chapters 3 and 4).
5)

discuss recruitment implications of the observed offshore

and inshore distribution, larva age structure and transport for
sciaenids in Louisiana vraters (Chapters 1 and 3); and
6)

determine if areas of high sciaenid larva densities were

associated with areas of high zooplankton biomass or areas of
particular water mass characteristics (e.g. chlorophyll a,
temperature, salinity, nitrate, silicate etc.)

(Chapt. 2).

The information provided by the following 4 chapters
addresses these objectives and is important for a better under
standing of several aspects of the early life history of winter
spawned sciaenids collected in the continental shelf waters off
west Louisiana.

Chapter 1. The Distribution and Transport of Drums (Family
Sciaenidae) Spawned in the Winter and Early Spring in the
Continental Shelf Waters Off West Louisiana.

ABSTRACT

The larvae of 6 species of drums (family Sciaenidae) were
collected off west Louisiana on 5 mid-monthly ichthyoplankton
cruises from December 1981 to April 1982.

Stepped-oblique

plankton tows were made with a bongo type net at 37 stations on 5
transects on the continental shelf.

The transects were from west

of the Sabine River, Texas to east of the Mermentau River in
Louisiana.

Two transects extended to the shelf break.

Ranked in order of abundance the 6 sciaenid species collected
were:

sand seatrout, Cynoscion arenarius; Atlantic croaker,

Micropogonias undulatus; spot, Leiostomus xanthurus; black drum,
Pogonias cromis; southern kingfish, Menticirrhus americanus; and
banded drum, Larimus fasciatus.

3
Density-distribution diagrams (larvae /100 m ) are presented
along with surface temperature and salinity contour plots.
Atlantic croaker, spot and black drum were most abundant early in
the study while sand seatrout were most abundant in April.

Larva

density was highest in April and the high densities were
associated with a freshet of water on the shelf that probably
issued from the Atchafalaya River east of the study area.

Most

larvae were captured in water less than 40 m deep, though some
were present to the shelf break.

Spawning by the sciaenid species

collected took place on the continental shelf, and the larvae were
transported into near-shore coastal waters.

5

A recent study of gulf menhaden larvae, based on data
collected during these cruises, presented a hypothesis of larva
transport in Louisiana waters.

Analysis of a variety of

biological, chemical and physical oceanographic data led to the
development of the hypothesis, and interpretation of the sciaenid
data support it.

West-northwest alongshore advective transport

within the horizontally stratified coastal boundary layer is the
primary mechanism delivering sciaenid larvae to the estuarine
systems in southwest Louisiana.

Transport rates and larva transit

times have been roughly quantified.

INTRODUCTION

Members of the perciform family Sciaenidae are an important
sport and commercial fishery resource along the U.S. coast of the
Gulf of Mexico and are perhaps the most prominent group of
northern Gulf inshore fishes.

In numbers of species (18) they

exceed all other families, and in numbers of individuals, or
biomass, they are among the top four with mullets, Mugilidae,
anchovies, Engraulidae, and menhaden, Clupeidae (Gunter, 1938;
1945; Moore et al., 1970; Franks et a l . , 1972; Hoese and Moore,
1977).

Among those sciaenid species sought by both sport and

commercial fishermen are spotted seatrout (Cynoscion nebulosus) ,
sand seatrout (C. arenarius) , red drum (Sciaenops ocellatus) ,
Atlantic croaker,

(Micropogonias undulatus) , spot (Leiostomus

xanthurus) and black drum (Pogonias cromis) .

In the Gulf of

Mexico the commercial and recreational fishing industries have
expanded tremendously over the past three decades (Lindall and
Saloman, 1977; Adkins et a l . , 1979).

Approximately 90% (by

weight) of the commercial finfish catch and 70% of the recrea
tional catch is comprised of a group of species that are
considered "estuarine dependent" (Skud and Wilson, 1960; Thompson
and Arnold, 1971; Lindall and Saloman,

1977).

Many of Louisiana's

sciaenids are among this group as they spawn in coastal or off
shore waters and have pelagic eggs and young which are transported
into the estuaries (See Johnson, 1978 for review).

The seasonal

importance of Louisiana's estuaries as nursery grounds for larval
and juvenile sciaenids is well documented and many authors have
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provided information on spawning, reproduction, age, growth,
fecundity and other aspects of sciaenid life history from the Gulf
and Atlantic coasts of the U.S.

Several summary works are avail

able which contain taxonomic and biological information on adult
sciaenids (Pearson, 1929; Suttkus, 1955; Guest and Gunter, 1958;
Hoese and Moore, 1977; Johnson, 1978; Powles and Stender, 1978;
Barger and Johnson, 1980; Barger and Williams, 1980, Mercer,
1984a,b).
In contrast, there is little information about sciaenid
ichthyoplankton assemblages in Gulf continental shelf waters,
their offshore and coastal distribution and the mechanisms which
ultimately affect their recruitment into estuaries.

The results

of previous ichthyoplankton investigations with information on
sciaenids from Gulf offshore waters are presented in Table 1.
Many of these studies remain unpublished and provide "survey" type
data, reporting only positive collections, occasionally only at
the family taxonomic level.
The economic importance of sciaenids is not reflected by
information on early life history.

This study attempts to address

this inequity by determining the distribution and transport
mechanisms of winter and early spring-spawned sciaenids in conti
nental shelf waters off west Louisiana.
The objectives and goals of this study were to
1)

document the spatial distribution of sciaenid larvae in

coastal and offshore waters off west Louisiana in winter and early
spring;
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2)

determine spawning location (depth and distance from

shore) of winter and early spring spawned sciaenids off west
Louisiana;
3)

test, for sciaenid larvae, a previously described

transport hypothesis in the offshore area and;
4)

discuss recruitment implications of the observed offshore

and inshore distribution, larval age structure and transport for
sciaenids in Louisiana waters.
Fishery biologists have long recognized that the year-class
strength of fish populations may be directly related to water
current strength and direction as fish eggs and larvae are
transported to areas conducive to survival (Carruthers, 1938;
Walford, 1938; Sette, 1943).

The importance of directionally

selective oceanic larva tranport has been well documented
(Woodmansee, 1966; de Veen, 1967; Greer-Walker et al., 1978) and
estuarine tidal transport of fish eggs and larvae has also been
shown to be important (Norcross and Shaw, 1984).

Wind-driven

transport, especially during cold frontal passages, may be impor
tant in the Gulf of Mexico (Crout, 1983; Wiseman et a l . , in
prep.).
A major strength of the data used in this research is that
concurrent physical oceanographic data were collected and analyzed
to determine the existence of distinct water masses and average
current patterns.

Based on the physical oceanographic data

collected on these cruises and from other sources, a transport
model was developed for the gulf menhaden by Shaw et al.,

(1985b).

Their model was tested in my study by examining the distribution
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and length frequency of larval and juvenile sciaenids along with
the physical oceanographic data.
STUDY AREA
A sampling grid consisting of 37 stations on 5 transects was
established from west of Sabine Pass, Texas to east of the
Mermentau River, Louisiana (Figure 1).

The 2 outside transects,

extending to the shelf break, were 90 km apart and approximately
200 km long.

The middle 3 transects extended to the 18-m isobath

and were approximately 65 km long.

Nominal station values

(longitude, latitude, depth) are given in Table 2.
METHODS AND MATERIALS
Ichthyoplankton samples were collected with an opening and
closing, 60-cm, paired net frame plankton sampler on each of 5
mid-monthly cruises from December 1981 to April 1982.
used were 335 and 500 pm.

Net meshes

A General Oceanics flowmeter (model no.

2030) was placed in each net to quantify water volume filtered.
Most plankton collections consisted of five-stepped oblique tows
from near bottom to surface at a retrieval rate between the steps
of approximately 20 m/min.
and remained open during the
All tows

Nets were set closed, opened at depth
tow.

were made at a speed of about 1

m/sec for 10

minutes, with

the wire angle kept as close to 45° as possible.

Plankton tows

were made both day or night depending on when the

station was occupied.

The water filtered per-unit-depth-fished by

the nets was greater at shallow stations relative to deep ones, a
discrepancy considered more desirable than having tows at shallow
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stations of 17 seconds versus deep tows of 9 minutes at the normal
retrieval rates (Houde, 1976).
At some selected stations (A-3, 6, 9; B-l; C-6; D —1; E-3, 6,
9; Figure 1), only Simulataneous surface and near-bottom
horizontal tows were made.

Density and length-frequency data from

the horizontal tows were used to determine if sciaenid larvae were
vertically stratified or if any significant daytime net avoidance
occurred.
Plankton nets were rinsed after each tow, concentrated and
immediately preserved in 10% buffered formalin in seawater.
Samples were later transferred to 4% buffered formalin.

Sciaenid

larva counts were made from the 335-pm mesh nets after sorting the
preserved samples with a stereomicroscope.
(TL) was measured to the nearest 0.01 mm.

Larva total length
Densities of sciaenid

larvae are reported as catch rates or mean concentration at a
station (density = larvae /100 m 3) .
Two methods of current estimates were utilized:

1) instan

taneous current profiles taken on each cruise; and 2) continuous
surface and near-bottom current meter measurements at 2 sites
within the study area (Shaw et al., 1985b).

An Endeco 110

portable current meter, with an accuracy of ± 8 cm/s and ± 11°,
was used to collect instantaneous data.

Ship drift was determined

by Loran C locations and was vectorially subtracted from current
measurements.
The instantaneous number of larvae transported on each transect
was calculated by using the following equation (Shaw et al., 1985b):
D x U x M = number of larvae per meter per second where;
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1)

D = larvae density (larvae/m3 ) from either oblique tows
or from the mean of the horizontal tows (e.g. average of
surface and near-bottom catch rates/100 m 3 divided by 2)

2)

U = depth-averaged water velocity (m/s) determined from
instantaneous current meter profiles at each station,
and

3)

M = water depth (m) at each station.

Endeco 174 current meters were used at the mooring sites (D
and S, Figure 1).

Both sites had a meter moored 3.7 m below the

surface and 1.8 m off the bottom.

Site D was 11.4 km offshore in

9.8 m of water and site S was 35 km offshore in 12.5 m of water.
Shaw et al.

(1985b) used data from these meters to produce stick

vector diagrams (Figure 16) resulting from the current velocities
measured.

The diagrams were constructed from 40-hour low-pass-

filtered orthogonal components at 6-hour intervals.
A Guildline 8770 STD, with an accuracy of ± 0.04 ppt, ± 0.02°C,
and ± 0 . 1 decibar was used to collect data on temperature,
salinity and pressure.

Water samples collected in the field were

analyzed on an Autosal 8400 bench salinometer.
readings deviated by less than 0.03%.

Field salinity

The hydrographic data

indicated a well-mixed water column from December until March
(Shaw et al., 1985a).

Other workers have reported that the water

column in the northern Gulf is well-mixed during winter (Temple et
al., 1977; Crout, 1983).
Distribution diagrams and length-frequency histograms were
generated for each sciaenid species and for each cruise and
station.

Inspection of this data along with current measurements
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allowed a comparison with the data that Shaw et al.

(1985b) used

to develop a transport hypothesis for larval gulf menhaden in
northwestern Gulf waters.

In this way, length-frequency data

served as indirect evidence for transport and assisted in inter
pretation of physical oceanographic data.
RESULTS AND DISCUSSION
Total Larvae
Altogether, 57,382 fish larvae were collected.

Density of

larvae was highest in April (the last month sampled) with an
average of 430 larvae per 100 m 3 of water filtered (Table 3).
Densities for December, January, February and March were 93, 48,
142 and 96/100 m 3 , respectively.

In general, fish larvae were

distributed farther offshore early in the study period and were
found more inshore and towards the east by April.

The December

cruise tract was abbreviated due to adverse weather and only the
westernmost transect (A) was completed. There appeared to be some
association between larva density and a freshet of water on the
Louisiana shelf, probably issuing from the Atchafalaya River east
of the study area.

The presence of riverine water on the shelf

caused the development of an oceanic salinity front that was most
evident in March and April 1982 (Figure 2).

Waters inside the

front, referred to as the coastal boundary layer (10-35 km from
shore), were less saline than the mid-shelf waters outside (Shaw
et al., 1985b).
than 25 ppt.

Most larvae were collected in salinities of less
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Total Sciaenids
A total of 5,225 larval sciaenids accounted for 9.1% of the
specimens.

In December through February, samples were dominated

by spot, Leiostomus xanthurus, and Atlantic croaker, Micropogonias
undulatus.

Samples in March and April contained mostly sand

seatrout, Cynoscion arenarius.
larvae were collected.

In all, 6 species of sciaenid

Ranked in order of abundance they were:

sand seatrout (N = 4100); 2) Atlantic croaker,

1)

(N = 567); 3) spot

(N = 264); 4) black drum, Pogonias cromis (N = 68); 5) southern
kingfish, Menticirrhus americanus (N = 53); and 6) banded drum,
Larimus fasciatus (N = 13).

Additional Menticirrhus, not identi

fiable to species, accounted for 160 more specimens (Table 3).
Sciaenid larvae were collected at stations ranging in depth
from 5 to 130 m, but most occurred in 10-40 m of water.

As with

total larvae, highest overall densities occurred inshore and
towards the east in April and appeared to be associated with a
freshet of water on the shelf, probably issuing from the
Atchafalaya River east (Figures 2 and 3).

Whether the frontal

gradient caused by the freshet acted to concentrate larvae or
caused favorable conditions for survival is not known.

There is

some evidence that high larval densities were associated with
areas of elevated zooplankton biomass, a subject discussed in
Chapter 3.

A more detailed examination of the data for individual

sciaenid species, ordered by abundance, follows this section.
Cynoscion arenarius Ginsburg, sand seatrout
A total of 4,100 larvae of sand seatrout was collected.
Overall, it was the most abundant sciaenid taken in the study.
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Total number, months of occurrence and monthly densities are given
in Table 3.

Larval sand seatrout density was highest in April at

46.1 larvae/100 m 3 and was generally low until then.

Densities in

February and March were 0.3 and 2.9/100 m 3 , respectively.
larva was collected in January.

One

Distribution of larvae was more

mid-shelf in February but they were found inshore and towards the
east by April (Figure 4).

The monthly data summary for sand

seatrout (Table 4) shows that, over the course of study, larvae
were found in temperatures ranging from 14 to 21°C and in
salinities from 15-36 ppt.

Larvae were captured at stations with

depths ranging from 5 to 70 m but most were collected inside the
18-m isobath.

A drastic increase in larval sand seatrout density

occurred in April with many stations exhibiting densities in
excess of 250 larvae/100 m 3 .

They appeared to be associated with

the freshest on the shelf described earlier (pg. 12).
Spawning seasonality and location for sand seatrout, as
determined from this data, are in part consistent with previously
published information (Shlossman and Chittenden, 1981 for review).
The presence of a single 4-mm (TL) larva in January indicates some
spawning had taken place.

Length-frequency data by month, for

sand seatrout larvae, shows that by March, larvae between 1.8 and
11 mm in total length were present in the samples (Figure 5).
Based on the estimated growth rates determined for sand seatrout
(Chapter 4), an 11 mm larva could be as old as 75 days.

Sand

seatrout are reported to spawn from March to August, and to spawn
during two discrete periods, one in March-May, the other August-

15

September, with little spawning between the two peak periods.
(Hoese,

1965; Daniels,

1977; Shlossman and Chittenden,

1981).

An examination of density-distribution and length-frequency
data (Figures 4 and 5) suggests that spawning took place in
mid-shelf to offshore waters at depths ranging from 15 to 80 m, or
to about 175 km from shore.

As the spawning season progressed

into March and April, spawning location, as determined by the
presence of larvae < 3.0 mm TL, was more inshore (5-18 m) with few
small larvae occurring at depths greater than 25 m.
This spatial information agrees with the limited life history
data available for sand seatrout which indicates that most
spawning occurs in the shallow Gulf, primarily in waters between 7
to 15 m in depth (Gunter, 1945; Moffett et al., 1979; Shlossman
and Chittenden,

1981).

Other workers have captured running ripe

C. arenarius in deeper waters (70-90 m) in February and March but
no spawning was indicated (Perry, 1979; Franks et al., 1972).
Summary data from a four-way analysis of variance done on
Log^

(no. sand seatrout larvae/100 m 3 ) + 1 are given in Table 5.

The analysis was employed to determine the spatial (vertical and
hortizontal), temporal and diel patterns of larvae density and
distribution: The four main effects tested were: month (Jan- Apr);
station depth group (depth group 1 < 10 m, 10 m < d.g.2 < 14 m, 14
m < d.g.3 < 24 m and d.g. 4 > 24 m ) ; day-night (2000 hrs < night <
0500 hrs) and; horizontal tow type (surface vs. near-bottom).
Data from the December cruise are not included as only the A
transect was completed.
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Month was a highly significant main effect (P < 0.01).
reflects the magnitude of the density in April (Table 6).

This
The

statistical interaction between month and day-night was, at
first, disconcerting.

This interaction was employed to determine

if daytime gear avoidance increased as size of larva increased by
month.

However, most sand seatrout collected were small and no

clear monthly increase in larva size was evident (Figure 5).

In

this case the interaction was due to an increased catch in oblique
tows at night as the season progressed (0.0 in Jan, 64.9/100 m 3 in
Apr).

More larval sand seatrout were collected in horizontal

surface than in horizontal near-bottom tows at both day and night
for all months after January.

No avoidance was demonstrated.

The

significant interaction between month and depth group represents
the shift in density from mid-shelf early in the study to a more
coastal distribution in March and April (Figures 4 and 6).

Larval

sand seatrout density by depth group was also a highly significant
main effect (P < 0.01).
23.7/100 m 3 .

Larva density peaked in depth group 1 at

Depth groups 2,3 and 4 followed with 12.7, 9.2 and

0.3/100 m 3 , respectively.

The third main effect, day vs. night

tows, was highly significant (P < 0.01).

Many more sand seatrout

larvae were collected at night, reflected by average catch rates
in all day vs. night tows combined of 7.4 vs. 21.6/100 m 3 ,
respectively.

Overall, most sand seatrout larvae were collected

in oblique tows at night (26.9/100 m 3) .
rate was 7.6/100 m 3 .

The day-oblique-catch

The second order interaction between day-

night and horizontal tow types was not statistically significant
(P < 0.42).

Strict interpretation of the statistics was difficult
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because a lack of significance does not always mean a lack of
pattern.

The last main effect tested was horizontal tow type and

it, too, was not significant.

Analysis of the data indicated that

average catch rate was highest in oblique tows (14.6 larvae/100
m 3) , followed by surface (9.2/100 m 3) and then bottom (1.9/100
m 3 ).

When day (D) vs night (N) data were considered, a pattern

emerged.

Regardless of time of day, average catch rates at the

surface were higher than near the bottom (B):

(D,S 9.6/100 m 3 ,

D,B = 1.5/100 m 3 ; N,S = 8.7/100 m 3 N,B = 2.3/100 m 3 .

The primary

difference between the day and night catch rates occurred in
oblique (0) tows (D,0 = 7.6/100 m 3 ; N,0 = 26.9/100 m 3 ) .

Analysis

of the data suggests that sand seatrout larvae were somewhat
surface oriented.

It is not known whether the increase in average

catch rate in nighttime oblique tows was due to some change in
sand seatrout larvae behavior.
Micropogonias undulatus (Linnaeus), Atlantic croaker
The second most abundant sciaenid taken was the Atlantic
croaker, Micropogonias undulatus (N = 567).

Total number, months

of occurrence and monthly densities are given in Table 3.
Atlantic croaker larvae density peaked in February at 3.2 larvae
per 100 m 3 of water filtered, but density was relatively constant
from December through March.

Densities for December, January,

March and April were 2.0, 2.2, and 2.2, 0.2/100 m 3 , respectively.
Atlantic croaker was the only sciaenid collected in all months of
the study.

Distribution was generally uniform over most of the

shelf (Figure 7) except in March and April.

The monthly data

summary for Atlantic croaker larvae (Table 6) indicates that, for
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the study overall, larvae were found in salinities and tempera
tures ranging from 22 to 36 ppt and 10 to 20.5°C.

Larvae

were captured at stations with depths ranging from 5 to 115 m
(Figure 7).

Mean length of Atlantic croaker larvae increased

from 4.3 mm TL in December to 16.1 mm TL in April.

By 20 mm TL,

Atlantic croaker larvae probably become bottom oriented and are
lost to other than epi-benthic plankton collections.

This obser

vation held true for the other sciaenid species taken in this
study.

Increased gear avoidance with size might also partially

explain the lack of large individuals in the collections, although
juvenile and adult sciaenids are notedly bottom oriented (Welsh
and Breder, 1923; Pearson, 1929; Hildebrand and Cable, 1934; Hoese
and Moore, 1977).
Spawning by Atlantic croaker in Gulf waters is reported to
occur from September to March, with a distinct peak in October
(Hoese, 1965; Sabins and Truesdale, 1974;
1977;

Benson, 1982).

White and Chittenden,

Atlantic croaker larvae have been taken on

the outer continental off Texas from September to May by Finucane
et al.
sp.

(1979), but the May larvae were reported as Micropogonias

Micropogonis undulatus is the only species in the genus that

occurs in the northern Gulf (Hoese and Moore, 1977; Fischer,
1978).
Small, recently spawned larvae were collected over much of
the shelf at stations with depths ranging from 15 to 115 m, or
from about 20 to 200 km from shore (Figure 7).

However, most

small (<3.0 mm TL) larvae were collected near mid-shelf about
65-125 km from shore.

Length-frequency data for Atlantic croaker
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larvae are presented in Figure 8.

As expected, in December and

January the majority of the larvae were small.
recently spawned individuals were collected.

By April, no
Spawning by Atlantic

croaker is reported to occur primarily offshore, over a wide area,
and to a considerable distance offshore (Pearson, 1929; Hildebrand
and Cable, 1930; Wallace, 1940; Haven, 1957; Bearden, 1964; Hoese,
1965; Nelson, 1967).
Summary data from a four-way analysis of variance done on
Logio (no. Atlantic croaker larvae /100 m 3) + 1 are given in Table
7.

This analysis was used to determine spatial, temporal and diel

patterns in larvae density and distribution (Table 9).
The density of Atlantic croaker larvae by month was a highly
significant main effect (P < 0.01).

Density increased slightly

until February and then dropped off by April (Table 6).

The

interaction between month and day-night was not significant.
gear avoidance was evident (see sand seatrout).

No

The highly

significant interaction between month and depth group was not
surprising even though Figure 7 shows that larvae were in low
numbers and distributed uniformly over much of the shelf.

Larvae

were in more offshore waters in January and were entirely in depth
group 1 by April (Figure 6).
not significant.

As a main effect, depth group was

Atlantic croaker larvae occurred in all of the

depth groups over the course of the study.

The average catch

rates per 100 m 3 for depth groups 1 through 4 were 3.9, 0.8, 0.4
and 0.7, respectively.
significant (P < 0.01).

Day-night, as a main effect, was highly
Atlantic croaker larvae density was over

5 times higher at night in all tow types combined than during the
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day (3.7/100 m 3 to 0.7/100 m 3).

However, the interaction between

day-night and horizontal tow type was not significant.

As with

sand seatrout, relatively few Atlantic croaker were collected in
horizontal tows, the fourth main effect tested.

Average catch

rates at the surface and near-bottom were 1.0/100 m 3 and 1.8/100
m 3 , respectively.

A consideration of day-night and horizontal tow

type revealed a pattern.

Most Atlantic croaker larvae were

collected in oblique tows at night (x = 4.3/100 m 3 vs 0.6/100 m 3
in daytime) which probably accounts for the lack of significant
results for this test.

However, average catch rate was much

higher at the surface at night (2.3/100 m 3 ) than during the day
(0.1/100 m 3 ), while day and night near-bottom average catch rates
were similar (D,B = 1.9/100 m 3 ; N,B = 1.7/100 m 3).
was similar to that seen for sand seatrout.

This pattern

Gear avoidance in

surface waters could explain the lower daytime catch rates in
surface waters.
Leiostomus xanthurus (Lacepede), spot
The third most abundant sciaenid collected in the study was
spot, Leiostomus xanthurus (N = 264).

Density of spot larvae was

highest in December at 7.8 larvae/100 m 3 of water filtered (Table
3).

Densities for January to March were 1.3, 0.9 and 0.1/100 m 3 ,

respectively.

No spot larvae were collected in April.

In

general, larva density was low and their distribution was uniform
over the shelf out to the 40-m isobath, about 130 km offshore
(Figure 9).

Spot were collected in temperatures and salinities

ranging from 10 to 18°C and 26 to 36 ppt (Table 8), and at
stations with depths ranging from 5 to 65 m with highest densities
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occurring on the mid- to inner shelf (Figure 9).

Mean length of

spot larvae increased from 3.2 mm TL in December to 12.7 in
February.
Data presented here partly concur with previously published
information on spot spawning periodicity.

The spot's reported

spawning season was not delineated in the present study and the
high December values for larva density must be viewed with a con
sideration of the abbreviated cruise tract for that month.

The

spatial coverage of stations on the shelf was considerably less
than in other months.

Otherwise, larvae density peaked in

January, the peak time for spot spawning in the northern Gulf,
where it is reported to take place from late December to March
(Pearson, 1929; Kilby, 1955; Townsend, 1956; Springer and
Woodburn, 1960; Nelson, 1967; Sabins and Truesdale, 1974).

The

presence of larvae greater than 7 mm TL in mid-December (Figure
10) indicates that spawning probably began in November.

The

presence of small (< 3.0 mm TL) larvae suggests that spawning
occurred in all months that larvae were collected.

Spawning

occurred offshore of mid-shelf (18 m, 65 km) out to the 65-m depth
contour (175 km).

Spawning has been reported to occur well

offshore in moderately deep water (Pearson, 1929; Townsend, 1956;
Dawson, 1958; Pacheco, 1962; Nelson, 1967; Joseph, 1972; Music,
1974).
Summary data from a four-way analysis of variance on kogjQ
(no. spot larvae/ 100 m 3 ) + 1 are given in Table 9.

The four main

effects and 2nd order interactions tested were the same as those
for sand seatrout (Table 9).
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Month, as a main effect for spot larvae, was highly signi
ficant (P < 0.01) due to the decreasing catch rates seen from
January to March (Table 8).

The statistical interaction between

month and day-night was not significant.

However, the interaction

between month and depth group was highly significant (P < 0.01).
Spot larva density was higher offshore in the early part of the
study and more inshore in February and March (Figure 6).

This

same pattern was evident in both sand seatrout and Atlantic
croaker larvae.

Depth group as a main effect was also highly

significant (P < 0.01).

Spot larvae density for all months

combined was highest in depth group 4 (1.3/100 m 3 ), lowest in
depth group 2 (0.1/100 m 3) and was 0.4/100 m 3 in both depth groups
1 and 3.

Day-night comparisons proved non-significant as a main

effect for spot larvae.

The average catch rates for all day and

night tows combined were identical (0.5/100 m 3).

However, the

interaction between day-night and horizontal tow type was statisti
cally significant (P < 0.05).

In this case, evidence for vertical

migration and stratification is suggested.

Average catch rate of

spot larvae during the day at the surface was 0.1/100 m 3 , while
near the bottom it averaged 1.6/100 m 3 . Conversely, nighttime
average catch rate of the surface was 1.0/100 m 3 while the near
bottom rate averaged 0.04/100 m 3 .

This suggests that spot larvae

were in lower densities at the surface during the day, that the
larvae were migrating vertically and that the larvae were verti
cally stratified.

Daytime bottom and nighttime surface average

catch rates were higher than for oblique tows (D,0 = 0.45/100 m 3 ;
N,0 = 0.49/100 m 3 ) and the similarity of these values suggest that
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daytime gear avoidance was not important.

The fourth main effect,

horizontal tow type, was not significant.

Average catch rates for

surface and near-bottom tows, regardless of time of day, were
0.5/100 m 3 and 0.9/100 m 3 , respectively.
Pogonias cromis (Linnaeus), black drum
The black drum, Pogonias cromis, was the fourth most
frequently encountered sciaenid in the study (N = 68).

In

general, larvae density was low (Table 3), they were distributed
over the inner shelf (< 18 m) and in the eastern portion of the
study area (Figure 11).

The monthly data summary for black drum

(Table 10) indicates that, over the course of the study, black
drum larvae were collected in temperatures and salinities ranging
from 11 to 21°C and 15 to 36 ppt, respectively, and at stations
with depths ranging from 5 to 25 m.

Black drum spawning occurs

at sea near larger sounds and bays from Delaware Bay south to
Texas (Pearson, 1929; Frisbie,
Joseph et al., 1964; Hoese,

1961; Simmons and Breuer, 1962;

1965; Thomas, 1971).

The Gulf of Mexico spawning season for black drum (February to
June) was not delineated in the study.

The February peak in larva

density and the length-frequency data (Figure 12) agree with the
reported February peak spawning time in northern Gulf waters
(Pearson, 1929; Simmons and Breuer, 1962; Silverman, 1979).
However, black drum larvae have only been collected in Gulf of
Mexico offshore waters from February to April (Hoese, 1965; Sabins
and Truesdale,

1974; Finucane et al., 1977, 1979; Houde et al.,

1979; this study).
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Table 11 is the summary data from a four-way analysis of
variance on L o g ^

(no. black drum larvae/100 m 3) + 1 .

As for the

other species, the analysis was used to determine patterns in
black drum larvae distribution.
Monthly differences in larva density were statistically
significant (P < 0.05) which reflects the extremely low catch rate
in January, the February high and the lower rates in March and
April (Table 10).

The interaction between month and day-night was

also significant (P < 0.01).
interpretable.

This interaction is not biologically

Black drum larvae were collected in the daytime

only in January and April and in the nighttime only in February
and March.
significant.

The interaction between month and depth group was not
Depth group, as a main effect, was highly signifi

cant (P < 0.01) with most larvae found inshore (Figures 6 and 11).
Average catch rates in depth groups 1 and 2 were 0.4/100 m 3 and
0.8/100 m 3 , respectively.

Average catch rates in depth groups 3

and 4 were much lower (d.g. 3 = 0.08/100 m 3 ; d.g. 4 = 0.03/100
m 3).

The main effect of larvae densities in all day vs. night

tows combined was not significant (catch rates at night = 0.3/100
m 3 ; during the day = 0.2/100 m 3 ).

The second order interaction

between day-night and horizontal tow type was not significant.
Most larvae were collected in oblique tows (57 of 68 specimens),
at both day and night.

Yet, black drum larvae were collected at

the surface only at night and no larvae were collected in bottom
tows.

The fourth main effect tested was the difference between
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average catch rates in the two horizontal tow types.

The test was

not significant.
Menticirrhus americanus (Linnaeus), southern kingfish
Fifty-three larvae of the southern kingfish, Menticirrhus
americanus, were collected in the study and all were captured in
April.

Larva density was low (Table 3) and distribution uniform

between the 10 and 25 m depth contours (Figure 13).

Also in

April, 160 larvae of the genus Menticirrhus which could not be
identified to species were collected.
bution was similar to ML americanus.

Their pattern of distri
Southern kingfish are

reported to spawn largely offshore at depths ranging from 9-36 m
(Hildebrand and Cable,

1934; Pearson, 1941; Bearden, 1963; Irwin,

1970; Johnson,

In the Gulf of Mexico, southern kingfish

1978).

spawning occurs from spring to early fall (Welsh and Breder, 1923;
Miller, 1965).

Menticirrhus sp. larvae have been collected in

Gulf offshore waters from March to November (Hoese, 1965; Finucane
et al., 1977; Walker, 1978; Finucane et al., 1979; Houde et al.,
1979).
Southern kingfish and Menticirrhus sp. larvae were collected
at temperatures ranging from 20 to 21°C and in salinities from 25
to 34 ppt, but most were taken in salinities over 30 ppt.
Southern kingfish larvae ranged in length from 2.5 to 8.5 mm TL
but most were small (X = 3.7 mm T L ) .

Since only 53 larvae were

collected, the density-distribution of southern kingfish was not
examined statistically.

Only 3 southern kingfish larvae, at an

average catch rate of 0.01/ 100 m 3 , were collected in bottom tows.
Twelve larvae were taken in surface tows (0.3/100 m 3) .

Numbers
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were low, but the average catch rate at the surface at night was
highest overall (0.6/100 m 3) , and larvae were only found near the
bottom during the day.
Larimus fasciatus Holbrook, banded drum
Only 13 larvae of the banded drum Larimus fasciatus, were
collected in the study and all were captured in April (Table 3).
Most individuals occurred offshore from the 15-m depth contour
(Figure 13).

One larva was collected at station E-8 in 80 m of

water, 175 km offshore.

Larvae were collected in temperatures and

salinities ranging from 19-21°C and 15-36 ppt.
from 3.5 to 5.5 mm in total length.

The larvae ranged

The collection of banded drum

larvae in April suggests a more protracted spawning season than
the reported May through October period in the Gulf of Mexico
(Miller, 1965; Johnson, 1978).

TRANSPORT ANALYSIS

Recently, two larval fish transport hypotheses, which have
bearing on this study, have been developed.
the first is given below.

A brief account of

A more detailed description will be

given of the second, as it pertains directly to this research.
Additional data for sciaenid larva are presented.
Miller et al.

(1984) developed a transport scenario for the

larvae of five commercially important finfish in North Carolina
waters.

These fish spawn near the Gulf Stream and "migrate" about

100 km to major inlets in the barrier islands.

Two of their

species, spot and Atlantic croaker, were also collected in this
Gulf of Mexico study.

Miller et al.

(1984) also reported on
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Atlantic menhaden, Brevoortia tyranus, a fact that will become
important later.

They determined that all five species exhibited

a similar life history pattern:

1) after hatching near the Gulf

Stream, larvae "migrate" onshore during December-March; 2)
juveniles migrate through inlets and sounds to estuarine nursery
areas in early spring; 3) sub-adults migrate out of juvenile
nursery areas during fall; and 4) adults migrate and spawn off
shore in fall and winter.

This same life history pattern is

exhibited by spot, Atlantic croaker and the gulf menhaden,
Brevoortia patronus, in the Gulf of Mexico.

They suggested that

one reason for the success of the winter spawning pattern is larva
transport toward shore is favored by winter currents of water.
Favorable onshore transport was also shown to positively affect
year class strength of Atlantic menhaden by Nelson et al.
More recently Shaw et al.

(1976).

(1985b) developed a transport

hypothesis for gulf menhaden larvae in the continental shelf
waters off west Louisiana.

Their hypothesis suggests that along

shore advection within and just outside the coastal boundary layer
described earlier (pages 13-14) is the major mechanism
transporting larvae to the estuaries rather than across-shelf
transport from directly offshore as per Miller et al.

(1984).

Concentrations of larva offshore of the boundary layer would be
advected along shore to the west-northwest and past Louisiana
estuaries and inlets toward the Texas coast.

Larvae that did

arrive at the Louisiana coast could be transported into the
estuaries by tidal flow, short-term meteorologically driven flow
or behaviorally-mediated active transport (Shaw et al., 1985b).
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The data collected for sciaenid larvae will now be examined
in light of the above hypothesis.

Length-frequency and transport

data from this study for larval sciaenids were analyzed by using
Shaw et al.

(1985b) techniques to best allow a comparison with the

data for gulf menhaden.

Data presented here are for all sciaenid

species combined unless specific species differences warrant
discussion.
Sciaenid larva density was less than gulf menhaden but
similarities in both density and distribution were evident.

Both

sciaenid and gulf menhaden larvae densities were highest at mid
shelf early in the study and they were distributed more inshore
and towards the east by March and April.

Both taxa also appeared

to have high densities associated with an intrusion on the shelf
of fresher water probably issuing from the Atchafalaya River to the
east (Shaw et al., 1985a).
The vertical distribution of sciaenid larvae was determined
by using simultaneous surface and near-bottom horizontal ichthyo
plankton tows.

Vertical stratification was evident only for spot

and, overall, most sciaenid larvae were collected in oblique tows
(4,463 of 5,225 larvae).

Shaw et al.

(1985b) took the mean

density of larval gulf menhaden in the horizontal tows as the
station density value and vertically averaged the instantaneous
current meter profiles over station depth for transport analysis.
The mean density was used because:

1) no vertical stratification

of gulf menhaden larvae was detected, 2) oceanographic data
indicated a vertically well-mixed water column, 3) most of the
density information for gulf menhaden was from oblique tows, and
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4) the surface and near-bottom moored current meters showed very
little difference in advection rates.

For comparative purposes,

the sciaenid data were analyzed in the same way.
Length-Frequency Analysis
Since sand seatrout and Atlantic croaker were the two most
frequently encountered sciaenids, they are considered here.
Atlantic croaker were abundant early in the study, as were sand
seatrout in March and April.

Length-frequency histograms by

transect for Atlantic croaker and sand seatrout are presented in
Figures 14 and 15, respectively.

For Atlantic croaker, shown are

transect A in December and January and transect E in February.
For sand seatrout, both transects A and E are shown for the April
cruise.

Offshore stations are at the top of the figures.

These

transects were selected because numbers of larvae and positive
stations were sufficient to illustrate the pattern suggested for
gulf menhaden larvae by Shaw et al.,

(1985b).

The patterns

exhibited by sciaenids and gulf menhaden are similiar.

No

apparent increase in size was seen until larvae were on the midto inner shelf.

The expected pattern of a gradual increase in

larvae size from offshore to inshore, under the influence of
significant across-shelf (south to north) transport, was not
evident in either data.

On the east coast of the U.S., Warlen

(1981) and Miller et al.

(1984) showed that ages and lengths of

both spot and Atlantic croaker larvae increased systematically
toward shore in an area where winter water currents favored
across-shelf onshore transport.
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Transport
The following account of larva transport is taken mostly from
Shaw et al.

(1985b).

During the winter of 1981-1982, water flow

data from moored current meters at sites D and S (Figure 1)
indicated that flow was directed primarily alongshore.

From

January 24th until May 12th 1982, the mean current vectors at site
D from the near-surface meter were 14.33 cm/s alongshore westward
and 1.75 cm/s shoreward. At site S, farther offshore, brief
periods of across-shelf flow existed.

From January 24th until May

16th 1982, the mean current vector from the near-surface current
meter at site S was 13.51 cm/s westward but 0.24 cm/s offshore.
This pattern of alongshore advection is best seen in stick plots
of the wind and current vectors at sites D and S over the study
period (Figure 16).

Most advection was to the west at the surface

and bottom at both sites.

Westerly advection is represented by

lines below the reference mark of zero.
With the limited data that are presently available, it can
only be stated that water flow, both inside of the coastal boundry
layer and associated front and on the mid-shelf was primarily
alongshore and westward at speeds averaging 5-15 cm/s.

Flow at

stations farther offshore was more complicated and may have had a
net easterly component.

The data also indicated that across-shelf
*

flow was highly variable and small (Shaw et al., 1985b)
Other researchers have provided similar information regarding
circulation in the northwestern Gulf of Mexico (Kelley et al.,
1982; Crout, 1983). Flow in near-shore coastal waters is westward
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all year except in the summer when it usually reverses.

Flow is

eastward all year farther offshore (Kelley et al., 1982).
As a final comparison, data concerning larval sciaenid
densities were combined with the vertically averaged, instan
taneous current measurements described earlier following Shaw et
al.

(1985b).

The results are shown in Figures 17 to 19 and the

curves present the number of larvae transported per unit time at
each station.

East-west is the alongshore direction and negative

values represent westerly transport.

Shaw et al.

(1985b)

cautioned that the transport values were a result of combining
larva densities and instantaneous current measurements, both of
which are highly variable and high cruise-to-cruise varia
bility in transport values were expected.
Still, similarities between instantaneous transport values
for larval sciaenids and gulf menhaden are clearly evident.

Early

in the winter, highest sciaenid larva transport was located mid
shelf (Figures 17 to 19).

Later in the study (March and April),

transport values were higher near shore and reflected the increase
in larval sciaenid density (primarily sand seatrout).

Larvae

transport was primarily westward (negative values) and ranged from
about .05 to 4.0 larvae/m*s x.

Only transports across transect A

(Figure 17) are discussed in detail, as these data are most
complete.

December was the only month that transport was predomi

nately eastward.

Large transport values at stations 5 and 6 were

due to high densities of spot and Atlantic croaker larvae.

In

January transport was primarily westward, but highly variable.
Large westerly water volume transports were observed in February
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but larval sciaenid densities were low and caused sciaenid larvae
transport values to be low as well.

Larval sciaenid densities

were again low in March, and the decreased water volume advected
caused larvae transport values to be even lower.

By April, most

sciaenid larvae were located near shore and the transport values
reflect the change in distribution.

Analysis of the instantaneous

transport data suggests that most transport on the shelf was
westward and supports the data obtained from the moored current
meters.

Little cross-shelf advection was indicated by either

method of transport analysis.
Other studies have shown that when cross-shelf advection does
occur in northern Gulf shelf waters, it occurs in the form of
episodic events, primarily associated with atmospheric frontal
passages and reversing wind fields (Angelovic et al., 1976; Van
Heerden et al., 1983).

If sciaenid larvae transport is assumed to

be mostly passive while the larvae are small and in offshore
waters, episodic events over the shelf, that initially cause
onshore advection followed by offshore movement of water at the
end of the event become less important.
flows act in much the same fashion.

Over the shelf, tidal

Net (residual) advection and

resulting transport of larvae over the shelf are the important
factors (Shaw et al., 1985b).
Data presented in this study and by Shaw et al.

(1985b) were

insufficient to precisely quantify onshore transport rates for
larval sciaenids or larval gulf menhaden.

However, based on the

six-month (January to May) mean value of 1.75 cm/s onshore advec
tion rate obtained from the moored current meter at site D
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(Figure 1), a "ball park" figure can be calculated.

Remember, the

1.75 cm/s value represents the onshore component of a net transport
that was primarily westward.

Length-frequency and otolith data

(Chapter 3) from this study suggest that larval Atlantic croaker
arrive in nearshore coastal waters, on the average, 60 to 90 days
after hatching.

Gulf menhaden larvae arrive in Louisiana

estuaries approximately 6 to 10 weeks after they are spawned
offshore (Deegan, 1985).

Most small, newly hatched Atlantic

croaker larvae were collected near mid-shelf, approximately 100 km
offshore.

Gulf menhaden are also reported to spawn near midshelf

(Shaw et al., 1985a.)

Based on the above information, larvae

could be passively transported 98 km in the onshore direction in
65 days at the average advection rate of 1.75 cm/s.

Although the

onshore component of advective transport is small in comparision
with the average alongshore component, the estimate of shoreward
transport rate is reasonable when age of larvae is considered.
In summary, the larva transport hypothesis developed by Shaw
et al.

(1985b) is supported by this analysis.

Based on moored

current meter data, instantaneous current measurements, larva
length-frequency analysis and larva age data (Chapter 3), it
appears that alongshore advective transport within and just
outside the coastal boundary layer is the primary mechanism
supplying sciaenid larvae to estuaries in west Louisiana.
Alongshore advection rates average 5-15 cm/s and flow is
predominantly westward.

Onshore advection rate is less (x = 1.75

cm/s) but sufficient to transport larvae about 100 km in 9 weeks.
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CONCLUSIONS-RECRUITMENT IMPLICATIONS

It was hypothesized by Shaw et al. (1985b) that across-shelf
transport is minor in comparison to alongshore advective transport
in the northwestern Gulf in the winter and early spring.

This

study supports their hypothesis and suggests that the sciaenid
larvae collected offshore in the study area, at mid-shelf and
beyond, would have been lost to the estuaries in Louisiana.

Those

larvae offshore would be transported towards estuaries on the
north Texas coast, or back to the east if they were far enough
offshore, since there is evidence for an easterly counter current
(Kelley et al., 1982).
Sand seatrout are common in west Louisiana estuaries (Herke
et al., 1984) and were the most abundant sciaenid larvae collected
in this study.

They spawn, in general, more inshore (Figure 4)

than Atlantic croaker, spot or gulf menhaden.

Conceivably, many

of the sand seatrout collected in the study area within the
coastal boundary layer on the inner shelf would have recruited to
Louisiana estuaries.
Still, large numbers of postlarval and juvenile sciaenids,
other than sand seatrout, enter the estuaries in west Louisiana
each year.

In a recent study by Herke et al.

(1984) Atlantic

croaker and spot were the third and twenty-first most abundant
fish, of 117 species collected, in the Calcasieu River Basin, the
largest estuary in west Louisiana.

However, the distribution and

transport analyses indicate that most spot and Atlantic croaker
larvae offshore of the study area would not have recruited to the
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estuaries in the Calcasieu Basin.

Interpretation of the combined

data suggests that the source of the large numbers of larvae and
postlarvae recruiting to the Calcasieu estuaries must be east of
the study area.
et al.

An examination of the data presented by Darnell

(1983), which summarizes several years of northern Gulf

shrimp trawl data, suggests that during the spawning season a
sufficient concentration of spawning adults probably exists.
In the fall and winter, high concentrations of Atlantic
croaker have been found on the mid-shelf in a geographically
widespread area hundreds of kilometers east of the study area.
Numbers of Atlantic croaker collected per trawling hour have
ranged from 1,000-3,499 between the 20- to 40-m depth contours (65
to 125 km offshore).

The area of high concentration offshore

coincides with the reported spawning location and period for
Atlantic croaker.

If indeed this concentration represents a

spawning distribution, it would help explain why so few Atlantic
croaker larvae, relative to the number of juveniles seen in
estuaries, have been collected in this and previous Gulf of Mexico
ichthyoplankton studies (Table 1).

Unless collections were made

in or near the area of concentrated spawning, single-station
densities would be low as larvae were dispersed away from the
spawning area.
The reported distribution of spot was similar to Atlantic
croaker (Darnell et al., 1983), but individuals have been
collected in fewer numbers (100-1,999 per trawling hour).

Again,

concentrations have been highest mid-shelf in the fall and winter,
and east of the present study area.
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The distribution of sand seatrout presented by Darnell et al.
(1983) shows that in the spring, high concentrations of sand
seatrout have been located inshore and in the eastern portion of
this study's sampling grid.

Sand seatrout larvae density was also

high in that area (Figure 4).
Once near shore, there are several mechanisms for trans
porting larvae into the estuaries.
significantly affect recruitment.

Cold front passages may
Processes involving winds and

tide level which cause inner-shelf/estuarine exchange of water
mass (Wiseman, et al. In prep.), particularly during and imme
diately after cold front passages, could be controlling the
concentration of larvae in estuaries (Shaw et al., 1985b).
Another process which may transport larvae into the estuaries is
mean sea level rise.

Monthly mean sea level height is rising

during the period of January through May according to long-term
tide records at Eugene Island, LA and Galveston, TX (Marmer 1954).
Such a sea level rise results in a net filling of the estuaries.
The transport hypothesis developed for gulf menhaden by Shaw
et al.

(1985b) and applied here to data for larval sciaenids, was

based on one year of data, a year that could have been anomalous.
However, data from the moored current meters at sites D and S for
the winter of 1980-81 were similar to 1981-82 (Shaw et al.,
1985b).

In light of this information, including larva distri

bution and length-frequencies, spawning location, larva age data,
transport rates and data from other research (Murray, 1976; Kelley
et al., 1982; Crout, 1983), the transport model presented may
explain how sciaenid larvae reach the estuaries in west Louisiana.

Chapter 2. The Distribution of Sciaenid Larvae (Pisces: Perciformes) and
Related Environmental Variables in West Louisiana Shelf Waters

ABSTRACT

Six species of sciaenid larvae collected in 189 ichthyoplankton
samples from December 1981 to April 1982 in west Louisiana shelf waters
were used to determine the relationships between larva densitydistribution LogjQ (larvae /100 m 3) + 1 and data on a suite of environ
mental variables collected concurrently with the ichthyoplankton.
Environmental variables examined included temperature, salinity,
dissolved oxygen, chlorophyll a , ammonia, nitrate, phosphate, silicate,
zooplankton biomass and station depth.

Time or "cruise" was also

considered as an environmental variable.
Canonical correlation analysis was applied to the measurements of
species density-distribution and the environmental variables.

Loadings

of the biological (species) and environmental variables on the canonical
variates were examined and 4 of 5 significant variates were biologically
interpretable.

In general, larval sciaenid density-distributions were

most highly correlated with time (cruise) and zooplankton biomass.

High

nutrients, particularly nitrate and silicate, were associated with low
salinities and nearshore stations or, more precisely, with waters inside
an oceanic salinity front (coastal boundary layer).

Increased zoo

plankton biomass was also associated with the fresher, nutrient-rich
water on the shelf, possibly as a result of phytoplankton growth
stimulated by high nutrients on the seaward edge of the boundary layer.
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High chlorophyll a values were correlated with lower temperatures found
inside the boundary layer, again, apparently associated with the freshet
on the shelf.

INTRODUCTION

Members of the perciform family Sciaenidae are an important sport
and commercial fishery resource along the U.S. coast of the Gulf of
Mexico.

In numbers of species (18) they exceed all other families, and

in numbers of individuals, or biomass, they are among the top 4 with
mullets, family Mugilidae, anchovies, family Engraulidae, and menhaden,
family Clupeidae (Gunter,

1938, 1945; Moore et al., 1970; Franks et al.,

1972; Hoese and Moore, 1977).

The commercial and recreational fishing

industries in the Gulf of Mexico have expanded tremendously over the past
three decades (Lindall and Saloman, 1977; Adkins et al., 1979) and
sciaenids rank first and third among the species presently harvested by
recreational and commercial fishermen, respectively (Cato, 1981).
Approximately 90% of the commercial and 70% of the recreational finfish
catch is comprised of species that are considered "estuarine dependent"
but spawn in coastal or offshore waters and have pelagic eggs and larvae
which are transported into the estuaries.

Many of Louisiana's sciaenids

are among this group (Johnson, 1978 for review).
It has long been recognized that year-class strength of fish popula
tions may reflect the environmental and biological conditions
(temperature, salinity, food availability, etc.) of offshore waters
transporting larvae towards the coastal zone (Carruthers, 1938; Walford,
1938; Sette, 1943).

However, there is little information about sciaenid

ichthyoplankton assemblages in Gulf continental shelf waters and the
environmental variables affecting their distribution and survival.

An

understanding of these variables is important to evaluate the potential
success of a fishery year class.

This understanding can best be gained

if concurrent biological and environmental data are analyzed together.
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Several statistical techniques have previously been employed to discover
how environmental and temporal variables relate to species distribution
or to determine species communities.

Some techniques utilized have been

1) principal components analysis (Barkman and Norris, 1970; Hoff and
Ibora, 1977; Iglesias,

1981; Thompson,

1982); 2) cluster analysis

(Magadza, 1980); and 3) canonical correlation (Cassie and Michael, 1968;
Karentz and Mclntire, 1977; Mclntire, 1978; Amspoker and Mclntire, 1978;
Geaghan and Husish, 1980; Poore and Mobley,

1980; Sullivan,

1982; Duke et

a l . , in prep.).
Multivariate statistical analyses have not been applied to many
investigations of fish distributions.

The few examples that do exist are

of distributions of juveniles and adults in estuarine waters (Hoff and
Ibora, 1977; Weinstein, 1979; Geaghan and Huish, 1980; Iglesias, 1981;
Duke et al., in prep.).

In literature examined, the density-distri-

butions of fish larvae have not been examined in association with
environmental variables by using multivariate techniques.

High

variability in larva condition and subsequent survival has been noted
over short distances in coastal waters (O'Connell, 1981) and surely local
environmental variation influences their condition and viability.

If

larva survival is dependent on its local environment, some measure of the
"dependence", or at the very least, a measure of the correlation between
species density (and/or distribution) and environmental parameters is
desirable.

In this study canonical analysis was chosen to correlate the

density-distribution of 6 species of sciaenid larvae with 11 environ
mental variables collected concurrently with the ichthyoplankton.
Several authors have shown canonical correlation analysis to be the best
technique for relating biological and environmental data (see Duke et
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al., in prep, for review), even though it is not a hypothesis test.

The

results are compared to a similar study done on zooplankton biomass and
several environmental variables collected during these cruises by Wiseman
et al.

(in prep.).
METHODS AND MATERIALS

Ichthyoplankton Collections and Zooplankton Biomass
One hundred eighty-nine plankton samples were collected on a
sampling grid consisting of 37 stations on 5 transects located from west
of Sabine Pass, Texas to east of the
1).

Mermentau River, Louisiana (Figure

The 2 outside transects extended to the shelf break (200 km).

The

other 3 transects were approximately 65 km long.
Samples were collected on each of 5 cruises from December 1981 to
April 1982 with an opening and closing, 60-cm, "bongo type" plankton
sampler.

The net meshes used were 335 and 500 pm.

Plankton collections

consisted of 10-minute stepped oblique tows at 1 m/sec from near bottom
to surface at a retrieval rate between the 5 steps of approximately 20
m/min.
Plankton nets were rinsed with filtered seawater.

The samples were

concentrated, immediately preserved in 10% buffered formalin and later
transferred to 4% buffered formalin in the lab.
The estimated densities of 6 species of sciaenid larvae were
determined.

Ranked in order of abundance they are sand seatrout,

Cynoscion arenarius (N = 4100); Atlantic croaker, Micropogonias undulatus
(N = 567); spot, Leiostomus xanthurus (N=264); black drum, Pogonias
cromis (N = 68); southern kingfish, Menticirrhus americanus (N = 53) and;
banded drum, Larimus fasciatus (N = 13).

One-hundred-sixty individuals

of the genus Menticirrhus, not identifiable to species, were also
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included.

The density estimates, reported as b o g ^

(number of

larvae/100 m 3) + 1 at each station, were made from the 335-Mm mesh nets
after sorting.
Two estimates of zooplankton biomass were made from the 335-|Jm mesh
nets:

1) aliquot dry weights; and 2) displacement volume (Yentsch and

Hebard, 1957).

Large, nonplanktonic organisms and flotsam were removed

before the biomass estimates were made.

The two methods of estimating

zooplankton biomass produced similar results.

Consequently, aliquot dry

weights were used for further analysis.
Environmental Variables
A Guildline 8770 CSTD, with an accuracy of ± 0.02°C and ± 0 . 0 4 ppt
was used to collect data on temperature and salinity.

Water samples

collected in the field were analyzed on an Autosal 8400 bench salinometer
at LSU.

Field salinity readings deviated by less than 0.03%.

Teflon-lined, 2.5-1 Niskin bottles were used to collect water
samples for determination of ammonia, nitrate, phosphate, silicate and
chlorophyll a concentrations.

The samples were collected at depth based

on location of distinct water masses within the water column at each
station.

Because of ship drift, attention was given to wire angle and

bottle deployment to insure that collection depth was within 2 m of that
intended.

Unfiltered water samples, for all but chlorophyll a, were

transferred to autoanalyzer vials and frozen on board ship for later
analysis.
The water samples for chlorophyll a were taken from 250-1,000 ml
aliquots and filtered on board ship through cellulose acetate filters.
Acetone was used to extract the pigment and the amount was quantified
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spectrophotometrically.

Corrections were made for phaeopigments.

This

analytical method followed Stickland and Parsons (1968).
The four micronutrients were analyzed by using methods outlined in
the U.S. EPA publication Methods for Chemical Analysis of Water and
Waste water, EPA 600/4-79-020 (1979).

To improve the performance of the

Technicon Autoanalyzer AAII, modifications of the above methodology were
made.

The modifications are specified in the Technicon Industrial

Methods and are as follows
1)

Ammonia:

2)

Silicates:

3)

Ortho-phosphate:

4)

154-71W/B (sodium phenoxide-Berthelot reaction)
186-72W/B (reduction of silicomolybdate method)
155-71W/tent.

Nitrate and Nitrite:

(molybdate method)

158-71 W/tent.

(cadmium reduction, diazo

formation)
EPA quality control standard samples were made by using artificial
seawater.

The environmental variables analyzed include temperature (°C),

salinity (ppt), oxygen (mg at/1), chlorophyll a (mg/m3), ammonia
(mg at/1), nitrate (mg at/1), phosphate (mg at/1), silicate (mg at/1),
zooplankton biomass (mg/m3) and station depth.

The above variables were

standardized to a mean of 0 and a variance of 1 (2-transformation) to
prevent problems caused by different units of measurement.
"cruise" was also considered an environmental variable.

Time or

Data on

zooplankton biomass and the environmental variables were analyzed and
provided by researchers at Louisiana State University's Center for
Wetland Resources.1

1Center for Wetland Resources, Louisiana State University, Baton Rouge,
LA 70803-7503.
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Statistical Analysis
Canonical correlation is a multivariate statistical technique which
may be viewed as an extension of multiple regression analysis.

Two

groups of variables, one biological and one environmental (no longer
classified as dependent or independent) provide a series of canonical
variates which are a linear combination of the original variables.

The

number of canonical variates generated is equal to the number of
variables in the smaller of the two groups of original variables.

Each

successive pair of canonical variates has a lower correlation than its
predecessor.

Significance was tested by Wilks' lambda in this analysis.

Interpretation is based on canonical factors, which are correlations
between the canonical variate and each of the original variables (Geaghan
and Huish, 1980).

The correlation between a species canonical variate

and an environmental

canonical variate is the maximum Pearson product-

moment correlation.
Canonical redundancy analysis is the calculation of the amount of
variance that the set of environmental variables explains in the biolo
gical data.

The redundancy statistic also determines the amount of

variability that the biological data explains in the environmental
variables.

Redundancy values for a given variate are not usually

expected to be high since it is not anticipated that a majority of the
biological variability will be explained by one canonical variate (Smith,
1981; Duke et al., in prep.).
The major weaknesses of canonical analysis are the conditions that
1) correlations between sets of variables must occur in the form of
linear combinations and 2) variables should be multivariate normal (Gauch
and Wentworth, 1976; Smith 1981; Gauch 1982; Duke et al., in prep.).
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Several transformation methods are available to either normalize or
linearize data.

To address normality, species abundance data were

entered as LogjQ (number of larvae/100 m 3 water filtered) + 1 following
Shaw et al.

(1985a).

The environmental variable that was expected to be

most non-linear was the temporal variable "cruise".

Time cannot be the

cause of species abundance but can be used to identify variation due to
life history patterns such as spawning seasonality or natural mortality.
Therefore, the orthogonal polynomial components of the five months,
December 1981 to April 1982, were calculated and appear as variables
C1-C3 in the canonical anaylsis.

These are plotted in Figure 20.

For

example, if a species was abundant early in the study and decreased at
progressively slower rates over time the effect could be quadratic.

If

elevated abundance was bimodal over the course of the sampling period the
effect could be cubic, etc.

Orthogonal polynomial components were used

so that the variables would be uncorrelated and only load on the
canonical variates where there was truly a linear (Cl), quadratic (C2),
or cubic (C3) trend (Geaghan and Huish,

1980; Duke et al., in prep.).

An

examination of the loadings of the environmental variables in relation to
the time components also provided information about temporal trends in
the environmental data.

PROC CANCORR was used to calculate the canonical

analysis (SAS, 1982).

RESULTS AND DISCUSSION

The analysis produced 4 highly statistically significant (P < 0.01)
and 1 significant (P < 0.05) canonical correlations.

Canonical R 2 ,

redundancy statistics and factor values for the first 4 canonical
variates are given in Table 12.

Canonical variate 5 was not biologically
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interpretable.

Species and environmental variables with loadings of

greater than 0.32 were considered noteworthy.

The value of 0.32 is

arbitrary, but implies that at least 10% of the variance for the species
or environmental variable is accounted for by the canonical variate.

The

cumulative redundancy value obtained here (28%) is within the range (23 48%) of the redundancy values seen in other studies (Karentz and
Mclntire,

1977; Amspoker and Mclntire,

Sullivan,

1982; Duke et al., in prep).

1978; Poore and Mobley, 1980;

The first canonical variate was most highly correlated (+) with
linear time (C— 1), quadratic time (C-2) and zooplankton biomass.
Nitrate, silicate and temperature were also highly correlated (Table 12).
Salinity and station depth were negatively correlated with canonical
variate 1 (CV1).

Sand seatrout, southern kingfish and Menticirrhus sp.

were the only taxa with densities positively correlated with C V 1 .

No

sciaenid larva densities were highly negatively correlated with this
variate.
Seasonal variation, represented by the environmental variables C1-C3
(cruise or month) was, perhaps, the most important environmental factor,
particularly in the first three canonical variates.

The factor loadings

from the appropriate variates were used to produce the curves repre
senting the time function based on the orthogonal components of the
variable cruise (Dec-Apr) shown in Figure 21.

The curve for CV1

indicated a general increase from January to April over the study period.
Linear (Cl) and quadratic (C2) time loaded highly on CV1 and were respon
sible for the trend in the time function shown in Figure 21.

Sand

seatrout larvae density increased dramatically from January to April and
Menticirrhus larvae were collected only in April.
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However, several other environmental variables were strongly corre
lated with CV1 and further discussion of them is warranted.

Positive

loadings of nitrate, silicate and temperature and the negative corre
lations of salinity and station depth suggests that as the study
progressed, nearshore stations were typified by warming, nutrient-rich,
fresher water, as also seen in surface temperature and salinity contours
shown in Figure 2.

The major source of the fresher water was probably

the flooding Atchafalaya River to the east of the study area.
Zooplankton biomass was also highly correlated with CV1 and suggests
that the zooplankton were responding to the influences of this water mass
on the shelf.

These results are consistent with those of Wiseman et al.

(in prep.) who found, using empirical eigenfunctions, that high zooplank
ton biomass was associated with the seaward edge of a coastal oceanic
front (boundary layer) produced by the presence of the riverine water on
the west Louisiana shelf during winter 1982 (see Chapter 2).

As sand

seatrout larvae were the most abundant sciaenid collected, it might also
be suggested that larva survival was enhanced by increased food availa
bility.

No real evidence for the above exists, however, as the front

could have acted to merely concentrate both larvae and zooplankton.

As

will be discussed later, other larval sciaenids were correlated with
zooplankton biomass.
The second canonical variate (CV2) was highly correlated (+) with
salinity, quadratic time, cubic time (C-3) and temperature.

Silicate,

nitrate and chlorophyll a were negatively correlated with CV2.

Southern

kingfish, banded drum and Menticirrhus sp. were positively correlated
with CV2 while black drum showed negative correlation (Table 12).
Seasonal variation in species abundance was also an important factor
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based on the loadings on CV2.
Menticirrhus sp.

Southern kingfish, banded drum and

were collected only in April, which is reflected in the

upward trend in the time function from March to April (cruise 4 to 5)
seen in Figure 21.

The shape of the time function curve in CV2 was

produced by the high loadings of quadratic and cubic time.

Examination

of the data also suggests that densities of two of these species were
correlated with warm water temperature.

Larval kingfishes and banded

drum were, for the most part, collected farther offshore than black drum,
and out of the influence of the reduced salinities and cooler water
inshore.

Black drum larvae were collected in more coastal waters and

densities were highest in January and February when waters were the
coldest of the study.

Larval black drum density was relatively low and

constant throughout the study, opposite the trend produced by the time
components in CV2 (Figure 21).
An examination of the canonical factor loadings of the environmental
variables on CV2 suggests an inverse relationship between chlorophyll a
and water temperature.

The positive correlation between salinity and CV2

reflects that mean salinity decreased over the course of the study.
Except for the increase from March to April, CV2 had a decreasing time
function.

Silicate and nitrate were, again, inversely correlated with

salinity, a pattern first seen in C V 1 .
The only environmental variable that was positively correlated with
canonical variate 3 (CV3) was zooplankton biomass.

High negative corre

lations include linear time and station depth (Table 12).
croaker and spot were positively correlated with CV3.

The Atlantic

This indicates

that Atlantic croaker and spot larvae were found early in the study
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(primarily Dec-Feb), in more offshore waters, and in association with
high zooplankton biomass.
The fourth canonical variate (CV4) was positively correlated with
chlorophyll a and negatively correlated with temperature, station depth,
silicate and nitrate.

The environmental factor loadings on CV4 indicated

a relationship between nearshore stations, lower water temperature and
high nutrients, mainly silicate and nitrate.

Examination of CV4 also

suggests that chlorophyll a was associated with low water temperatures.
Atlantic croaker and black drum were positively correlated with CV4.
Both reached maximum density during lowest water temperatures in JanuaryFebruary.

CONCLUSIONS

Several associations between the sciaenid larva density-distributions and the environmental factors were identified.

In general,

sciaenid larva density-distributions were most highly correlated with
time (cruise) and zooplankton biomass.

Although "time" cannot be the

cause of species density or distribution, it can be used to describe the
patterns in the data caused by seasonal variation, e.g., spawning period.
All sciaenid species larvae examined loaded highly on a canonical variate
that had a significant time component.

The resulting interpretation was

consistent with published information on spawning seasonality (Chapter
1).

Zooplankton biomass decreased from December to January but increased

in all months after January.

The three most abundant species collected

(sand seatrout, Atlantic croaker, spot) were highly correlated with
zooplankton biomass, even though they exhibited different seasonal
trends.

Atlantic croaker and spot were most abundant in December to
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February while sand seatrout were abundant in March and April.

This

suggests that larva density was associated with high zooplankton biomass.
Whether the high larva densities were a result of biological interaction
with the zooplankton (food availability for larvae and resulting
increased survivorship) or physical processes is not known.
Some generalities can also be made about the relationships among the
environmental variables.

High concentrations of nutrients, particularly

nitrate and silicate, were associated with low salinities and nearshore
stations or, more precisely, with waters inside the coastal boundary
layer.

Increased zooplankton biomass was also associated with warm,

fresher, nutrient-rich water on the inner shelf.

Wiseman et al.

(in

prep.) suggested that the zooplankton were responding to the phyto
plankton growth stimulated by high nutrients on the seaward edge of the
coastal boundary layer.

These data support their conclusions.

The

canonical analysis also indicated that chlorophyll a was correlated wi1;h
lower water temperatures found inside the coastal boundary layer.
Specifically, the canonical correlations showed that sand seatrout,
and to some extent banded drum and kingfish larvae, were associated with
shallow waters of reduced salinities and high nutrients (nitrate and
silicate) and with increased zooplankton biomass.

The cononical

correlation also indicated that Atlantic croaker and spot larvae were
found farther offshore in deeper water and were most abundant when mean
water temperatures were low.

The analysis also showed that Atlantic

croaker and spot larvae were associated with increased zooplankton
biomass.
Finally, the canonical correlation analysis showed that black drum
larvae were associated with nearshore waters of low temperature.
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Interestingly, in all of the above cases, larva density-distribution was
correlated to the variable that represented the seasonal trends in the
data.

Any analysis not taking life history patterns into consideration

(here spawning seasonality) might therefore falsely identify relation
ships that do not exist.
In this study canonical correlation analysis has been successfully
used to identify some broad associations between sciaenid larva densitydistribution and several environmental variables collected concurrently
in the continental shelf waters of west Louisiana.

However, canonical

analysis is not a test of hypothesis and no direct cause and effect
relationship is implied.

Chapter 3. Age and Growth of Atlantic Croaker, Micropogonias undulatus,
Larvae Collected in the Oceanic Waters of the Northern Gulf of Mexico as
Determined by Increments in Saccular Otoliths.

ABSTRACT

The age and growth rate of larval Atlantic croaker, Micropogonias
undulatus, collected in the oceanic waters of the northern Gulf of Mexico
were estimated from growth increments in saccular otoliths.

Examination

of the data suggests that the growth increments were daily and they were
used to generate the linear growth equation

= 0.189 (t) + 0.634 mm

TL which describes the growth of Atlantic croaker larvae from an
estimated 40 to 80 days old (X.^t
days).

= length at time (t); (t) = time in

The spawning season of Atlantic croaker in northern Gulf waters

(September to March) was not delineated in this study but data inter
pretation indicated that little spawning occurred from February to April,
the last month of the study.

The relationship between maximum otolith

diameter and larva total length was also examined.
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INTRODUCTION

The Atlantic croaker, Micropogonias undulatus (Linnaeus), ranges
from the Gulf of Maine to Argentina in the western Atlantic Ocean (Chao,
1976) and is one of the most abundant inshore fishes in the northern Gulf
of Mexico (Gunter, 1938, 1945; Moore et al., 1970; Franks et al., 1972;
White and Chittenden, 1977; Hoese and Moore,
1978; Herke et al., 1984).

1977; Knudsen and Herke,

Because of its abundance the Atlantic croaker

is an important food and industrial bottomfish.

Annual landings of

intentionally harvested bottomfish in the Gulf of Mexico exceed 56,000
metric tons and Atlantic croaker alone comprise over 30% of the catch.
Of that total, approximately 6,000 metric tons are used for human
consumption (Roithmayr, 1965; Dunham, 1972; Juhl et al., 1975; Knudsen
and Herke, 1978; Gulf of Mexico Fishery Management Council, 1981).
However, there is a current decrease in the general groundfish
biomass in the northern Gulf of Mexico and the trend is particularly
strong for Atlantic croaker.

The NMFS-Southeast Fisheries Center has

conducted annual spring and fall surveys of bottomfish in the northern
Gulf since 1972 and reports that the total finfish biomass has decreased.
Atlantic croaker biomass and average weight per individual has decreased
even though it remains a major component of the bottomfish landings
(MacRae, 1983).
Despite its commercial importance and the numerous studies on
Atlantic croaker (see Introduction to Study for review), much of its
early life history is poorly understood.

Improvement in age and growth

methodologies and a better understanding of the Atlantic croaker's
reproductive biology have now provided some insight into the ecology of
this species.

But, as indicated by declining biomass, Atlantic croaker
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populations in the northern Gulf are changing.

A thorough knowledge of

Atlantic croaker life history is necessary to identify the operative
factors causing the change.
Very little quantitative information has been published on age and
growth of larval and early juvenile Atlantic croaker and what does exist
is mostly on larvae collected in Atlantic east coast waters (Warlen,
1981).

Some information has been extrapolated from length-frequency

distributions from juveniles collected in the Atlantic (Hildebrand and
Cable, 1930; Haven, 1957) and Gulf (Nelson, 1967; Herke, 1971).

Little

definitive information is available on the age and growth of Atlantic
croaker larvae in Gulf oceanic waters.

This chapter provides such

information for larvae from northern Gulf waters.
Panella (1971, 1974) first described growth increments in the
otoliths of fishes.

These increments were found to have daily periodi

city and fortnightly patterns and offered valuable information on the age
and daily growth patterns of fish larvae.

Since Pannella's work in the

early 1970's, daily increments in fish otoliths have been validated in a
number of marine species (Brothers et a l . , 1976; Struhsaker and Uchiyama,
1976; Barkman, 1978; Barkman et al., 1981; Townsend and Shaw, 1982;
Campana, 1984; Beckman and Dean, 1984).
Although daily growth increments have not been validated for
Atlantic croaker larvae, daily increments were demonstrated in the
sagittae of red drum, Sciaenops ocellatus, and spot, Leiostomus
xanthurus, familial relatives of Altantic croaker (University of Texas
Mariculture Program Rep., 1982-1983; Peters et al., 1978).

Warlen (1981)

assumed daily growth increments in otoliths to calculate age, growth rate
and spawning time of Atlantic croaker larvae in North Carolina waters.
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Estimated growth rates (Warlen, 1981) were similar to other sciaenid
larvae where rates have been determined (University of Texas Mariculture
Program Rep., 1982-1983; Beckman and Dean, 1984; Govoni et al., 1985).
Therefore, for comparative purposes, the increments in the saccular
otoliths of larval Atlantic croaker collected in northern Gulf oceanic
waters were assumed to be daily even though Velez-Duran (1983) suggested
sub-daily increment formation in otoliths in juvenile Atlantic croaker
from Louisiana estuaries.

Despite the obvious flaw of comparing larvae

collected in Atlantic east coast waters with larvae collected in the
Gulf, the assumption of similar increment deposition within discrete time
periods is probably valid.

The environmental factors shown to affect

increment periodicity (food, photoperiod, temperature, etc.) are similar
in Atlantic and Gulf oceanic waters when larvae are present.
The objectives of this chapter were to use the increments in larval
Atlantic croaker saccular otoliths to (1) estimate their age at size in
the Gulf as they move toward the shore,

(2) estimate larva growth rates

in northern Gulf of Mexico oceanic waters by using age-size at capture
information, and (3) use age-size at capture to estimate larva transit
time from spawning areas to nearshore coastal waters.

METHODS AND MATERIALS

Ichthyoplankton Collections
Larval Atlantic croaker (N = 567) were collected in Gulf waters off
west Louisiana on a sampling grid consisting of 37 stations on 5
transects (Figure 1) from west of Sabine Pass, Texas to east of the
Mermentau River, Louisiana.

The western- and eastern- most transects
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extended to the shelf break (200 km).

The other 3 transects,

approximately 65 km long, extended to the 18-m depth contour.
Ichthyoplankton samples were collected during each of 5 cruises from
December 1981 to April 1982.

An opening and closing, 60-cm, paired

"bongo type" plankton sampler was used for all collections.
had net meshes of 335 and 500 pm.

The sampler

Plankton collections consisted of

10-minute stepped oblique tows from near bottom to surface at a retrieval
rate between the 5 steps of approximately 20 m/min.

Atlantic croaker

larvae from the following stations were utilized in the otolith analysis:
A - l , A - 8 , B-2, B-6, C-l, C-5, D-2, D-7, E-l, and E-8 (Figure 1).
Larvae used for age determination were taken from the 500-pm side of
the "bongo" nets and were preserved in 100% isopropanol.

To assure

adequate preservation, the isopropanol was changed once in the lab.

The

total length of each fish used in the age analysis was measured to the
nearest 0.01 mm with an ocular micrometer in a stereomicroscope.
Otolith Preparation and Aging
Age determination of Atlantic croaker larvae was based on the
technique described by Taubert and Coble (1977).

Saccular otoliths were

removed and mounted in Permount on a glass microscope slide.

Otoliths

sufficiently thick to prevent a direct increment count were ground in the
saggital plane with No. 600 ultra-fine sand paper until the core was
reached.

The ground otoliths were then etched in 5% EDTA (ethyelene-

dinitrilotetracetic acid) for 15-45 seconds, a cover slip was placed on
top and they were observed with a polarized oil immersion light micro
scope at 400-1000 x.

Regularly spaced increments which radiated out from

the core area were enumerated.

Three independent increment counts were
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made on each otolith.

Replicate counts of an otolith never differed by

more than 9%.
Estimation of Larva Growth
Linear growth models were used to examine the data from Atlantic
croaker larvae collected in northern Gulf oceanic waters based on the
work of Warlen (1981), Beckman and Dean (1984) and Govoni et al.

(1985).

RESULTS AND DISCUSSION

Larval Atlantic croaker ranged in length from about 8 to 17 mm TL
and were estimated to be from 40 to 80 days old.

Atlantic croaker larvae

were never in great abundance at any single station during this study
and, as a result, only 72 larvae were preserved in isopropanol and
available

for age analysis.

Larva age was estimated by adding five

"days" to

the number of increments counted in the otoliths.

Many marine

fish larvae do not form growth increments in otoliths until after
completion of yolk-sac absorption (Brothers et al., 1976; Campana,

1984)

and other sciaenids have been shown to begin increment deposition 4 to 5
days after hatching (University of Texas Mariculture Program Rep.,
1982-1983; Peters et al., 1978).

Consequently, an estimate of five days

was used in this analysis to account for yolk-sac absorption time.
The estimated age, total length and predicted length of croaker
larvae are in
Figure 22

Table 13.

A graphic representation of the data is shown in

and is a plot of total length and estimated age (increment

number) at capture of larval Atlantic croaker.

The length at any time

from about 40 to 80 days can be predicted from the linear model:
0.l89(t) + 0.634 mm where
days (increment number).

= length at time (t) and (t) = time in
No small (<8.00 mm TL) Atlantic croaker were

=
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included in this analysis and the low L q (intercept) reported here is a
result of the statistical fit of the linear model to the data and is
neither statistically significant (P < 0.07) nor biologically meaningful.
Even though the regression line appears to be a good approximation (r2 =
.70) of the growth of Atlantic croaker larvae 40 to 80 days old, the
estimate of length at hatching (L0= 0.634 mm) is considerably less than
the actual size (1.6 to 2.0 mm T L ) .

Atlantic croaker larvae grow about

1.0 - 1.5 mm to reach the 3.0 mm size of an estimated 13-day old fish;
growth rate then doubles during the succeeding 12 day period (Warlen
1981).

Early growth consists of a sequence of moderate growth for a

short time after hatching, a period of minimal or no growth to first
feeding and finally a more rapid growth phase (Warlen 1981).

Larvae

examined here were in the rapid growth phase and the lack of contribution
of smaller larvae in the analysis caused the under estimation of Lq .

The

growth pattern described above is a general phenomenon that Zweifel and
Lasker (1976) suggest can be "found to be almost universal in larval
growth".

Otherwise, the estimated growth rate of ~.19 mm/day from this

study is similar to those reported by Warlen (1981) for Atlantic croaker
larvae in North Carolina oceanic waters.
Warlen (1981) also suggested the possible existence of 2 subgroups
of fish, each with different growth rates.

Larvae from North Carolina

caught later in the spawning season (after January) grew at a slower rate
than those taken during peak spawning season (Sep-Nov).

Since the

Atlantic croaker larvae examined here were not taken during the peak of
spawning in the Gulf (Oct-Nov), more data are needed to determine if
subgroups are present in Gulf waters.

However, the estimated growth rate
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obtained here (— .19 mm/day) was higher than Warlen (1981) found for
Atlantic croaker spawned later in the season (.156 nun/day).
Although the monthly modal length of all Atlantic croaker larvae
collected (N = 567) increased from December to April (Figure 8), an
interesting pattern exists in the data.

In December and January most

Atlantic croaker larvae were small (<4.0 mm T L ) .

However, the monthly

modal length of larvae increased from 4.5 to 14.5 mm TL from January to
February.

The back-calculated age of larval Atlantic croaker, based on

the growth equation produced by this analysis, indicates that larvae in
December and January were approximately 20 to 25 days old and were
spawned in November to January.

In February, most larvae collected were

greater than 60 days old, even though small larvae were still present in
the samples (Figure 8).

This increase in size suggests that spawning was

reduced after January and is in agreement with the reported peak of
spawning in the early fall in northern Gulf waters.

The increase in

modal size of larvae represented growth and the 30 to 40 day period
between sampling in January and February are consistent with the change
in larvae size.

The back calculated lengths at age are similar to the

mean lengths presented by Warlen (1981) who examined larvae approximately
4.0 to 13 mm TL.

Based on the information above, the monthly ages based

on modal size of all Atlantic croaker larvae collected in northern Gulf
oceanic waters from December 1981 to April 1982 were approximately 19,
25, 70, 70 and 80 days, respectively as determined from the following
sampling periods:
and Apr.
larvae.

Dec. 15-16, 1981; Jan.

16-19, 1982.

19-21; Feb.

12-14; Mar. 7-10;

However, the April estimate is based on only 16
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The total length in mm of the Atlantic croaker larvae examined were
measured and regressed on the maximum diameter of saccular otoliths by
using a log-log linear model (Figure 23).

The r2 for the relationship

was 0.80 and the equation is as follows:

= 0.545 (D) + 0.904, where

= L°gjQ total length (mm) at LogjQ otolith diameter (D).

Intre-

pretation of the results suggest that, for Atlantic croaker larvae
between 10 and 20 mm TL, otolith diameter can be used to predict larvae
length.

The relationship between age and otolith diameter, however, was

not as good (r2 = 0.64).

This was due to the variability in growth rate

among the Atlantic croaker larvae.

CONCLUSIONS

Based on estimated growth rates wild-caught larvae of Atlantic
croaker collected in the oceanic waters off west Louisiana appear to
deposit daily growth increments in their saccular otoliths.

In this

study, the increments were used to generate a linear growth equation for
larvae estimated to be from 40 to 80 days old.

Linear growth models were

used to examine the data and provided a good fit (r2 = 0.70).

The

results obtained were similar to those of Warlen (1981), who worked with
Atlantic croaker larvae from North Carolina oceanic waters.
During this study in the northern Gulf, Atlantic croaker larvae grew
at about 0.19 mm/day and arrived in nearshore coastal waters when they
were approximately 60 to 90 days old.

Although the Atlantic croaker's

spawning season was not delineated, interpretation of data suggests that
little spawning occurred after January even though it reportedly occurs
until March.
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The total lengths (ram) of Atlantic croaker larvae were regressed on
maximum diameter of saccular otoliths and the relationship could be used
to predict larva TL in mm for the observed range of lengths collected in
the study.

Otolith diameter, however, was not useful in predicting the

age of larvae.

Chapter 4. Occurrence, Age and Growth of Two Morphological Types of Sand
Seatrout (Cynoscion arenarius) Larvae in the Winter and Early Spring
Shelf Waters Off West Louisiana.

ABSTRACT

Two distinct morphological types (morphs) of sand seatrout,
Cynoscion arenarius, larvae were collected in west Louisiana shelf waters
in the winter and early spring of 1982.

The larvae of the two morpho

logical types are separable by 3 pigment differences:

1) the presence or

absence of a melanophore on the dorsal midline opposite a large
melanophore in the anal fin base; 2) the number of melanophores at the
anus beneath the visceral mass on the pre-anal finfold; and 3) the size
of larvae at the initiation of lateral pigment formation.

Almost 100%

separation between the morphs is possible based on the above suite of
characters.

The two morphological types also exhibited differences in

body depth and larva growth rates, and in both cases the differences were
tested statistically using ANOCOVAR.

The body of morph type II deepened

more rapidly with total length in specimens from 2 to 17 mm TL.
contrast, morph I grew significantly faster than morph II.

In

Based on data

obtained from the growth analysis, both morphs appeared to deposit daily
growth increments in their saccular otoliths and the increments were used
to generate a linear growth equation for each morph.

Morph I grew at a

rate of about 0.20 mm/day while morph II grew about 0.14 mm/day.

The two

morphs were separated in horizontal space and little overlap occurred in
their density-distribution.
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INTRODUCTION

The sand seatrout, Cynoscion arenarius (Ginsburg), ranges from
southwest Florida (Roessler, 1970) throughout the Gulf of Mexico to the
Bay of Campeche, Mexico (Hildebrand, 1955).

It is among the most

abundant fishes in Louisiana estuaries and in the shallow northern Gulf
(Gunter, 1945; Christmas and Waller, 1973; Shlossman and Chittenden,
1981; Herke et al., 1984).

In a recent study by Herke et al.

(1984) sand

seatrout were the eleventh most abundant fish of 117 species taken in the
Calcasieu River Basin, an estuarine system in southwest Louisiana.
Because of its abundance, sand seatrout are a major component of the
recreational and commercial fishery landings in the northern Gulf
(Roithmayr, 1965; Gutherz et al., 1975; Shlossman and Chittenden, 1981;
Nakamura, 1981).

In 1979 sand seatrout ranked fifth by weight and number

among the 64 fish species caught by recreational anglers in the Gulf of
Mexico and in 1980 was ranked seventeenth and third among fishes sought
by anglers in private recreational and commercial sport fishing boats,
respectively (Nakamura, 1981).
In 1960 sand seatrout ranked twenty-eighth by weight and thirtieth by
value among fishes in the industrial fisheries in the Gulf.

By 1975 it

ranked twelfth by weight and fourteenth by value; only red drum (Sciaenops
ocellatus) , spotted seatrout (Cynoscion nebulosus) and, particularly,
Atlantic croaker (Micropogonias undulatus) have ranked higher than sand
seatrout among sciaenids in the Gulf's commercial fisheries (Nakamura,
1981).

In recent years, there has been a decreasing trend in the general

groundfish biomass in the northern Gulf of Mexico (MacRae,

1983).

This

decline, combined with the current controversy over the commercial status
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of red drum and spotted seatrout in northern Gulf waters, may make sand
seatrout an even more important commercial finfish in years to come.
Despite its abundance and obvious recreational and commercial
importance, little life history information on sand seatrout is avail
able.

The early developmental stages of sand seatrout were first

described by Daniels (1977).

Stender (1980) briefly addressed sand

seatrout larvae taxonomically and states that Daniel's (1977) work
emphasized the developmental differences between the larvae of sand
seatrout and those of the spotted seatrout in the Gulf and was insuffi
cient to adequately distinguish larvae of the sand seatrout from those of
the silver seatrout (Cynoscion nothus) or the weakfish (Cynoscion
regalis) from Atlantic east coast waters of the United States.
The taxonomic status of adult sand seatrout has also been
questioned.

It has been suggested that literature on the possibly

conspecific C. regalis might apply to C. arenarius (Moshin, 1973;
Weinstein and Yerger, 1976a) although Shlossman and Chittenden (1981)
referred to C. arenarius as a separate species following Chao (1978).
Barger and Williams (1980) reviewed the literature on age and growth
of sand seatrout and stated that there were insufficient data for
analysis.

Shlossman and Chittenden (1981) examined the reproduction,

movements and population dynamics of juvenile and adult sand seatrout
based on specimens from trawl collections in Texas waters.

Growth

equations were generated from length-frequency data for fish 40 mm TL and
larger.

They suggested that annuli on scales could be used to age fish

as accurately as length-frequency data even though Benefield (1971)
reported that "clearly defined annuli were difficult to distinguish".

No
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quantitative information has been published on age and growth of larval
sand seatrout in northern Gulf oceanic waters.
What we have, then, is a poor understanding of both taxonomic
relationships and early life history patterns of members of the genus
Cynoscion in the northern Gulf of Mexico.

In an attempt to examine

aspects of the early life history of sand seatrout, this study revealed a
taxonomic problem not previously reported in the literature.

Two

distinct morphological types of sand seatrout larvae were collected in
west Louisiana shelf waters.

Three pigment and 2 morphologic differences

were identified to separate the larva types (morphs).

Both larva growth

rate and a body proportion measurement (body depth) were dissimilar for
the two morphs.

There was no difference in larva meristics.

The

differences between the morphs will be explained in detail in a following
section while providing information on larval sand seatrout age and
growth.
Growth increments in the otoliths of fishes were first described by
Panella (1971, 1974).

Increments were found to have daily periodicity

and offered new information on the age and growth patterns of fish
larvae.

Since Pannella's work, daily increments in fish otoliths have

been validated in a number of marine species (Brothers et al., 1976;
Struhsaker and Uchiyama, 1976; Barkman, 1978; Barkman et al., 1981;
Townsend and Shaw, 1982; Campana, 1984; Beckman and Dean, 1984).
Although daily growth increments have not been validated for sand
seatrout larvae, daily increments were demonstrated in the sagittae of
red drum, Sciaenops ocellatus, and spot, Leiostomus xanthurus, familial
relatives of sand seatrout (University of Texas Mariculture Program Rep.
1982-1983; Peters et al., 1978).

Wild-caught larvae of another sciaenid,
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Atlantic croaker (Micropogonias undulatus), were shown to deposit incre
ments that appeared to be daily based on estimated growth rates (Warlen,
1981; Chapter 3).

Therefore, I assumed that increments in the saccular

otoliths of larval sand seatrout from northern Gulf waters were also
deposited daily.

However, even if the increments enumerated were not

daily, they still offer information on the differences in relative growth
rates assuming that both morphs deposited increments at the same rate.
The objectives of this study were as follows:

1) to describe the

pigment and morphometric (body depth and larva growth rate) differences
between the two types of sand seatrout larvae; 2) to estimate larva
growth rates by using increments in saccular otoliths; and 3) to discuss
possible explanations for the existence of the two morphological types of
larvae.

METHODS AND MATERIALS

Ichthyoplankton Collections
Four-thousand-one-hundred larval sand seatrout were collected in
west Louisiana continental shelf waters on a sampling grid consisting of
37 stations on 5 transects.

The grid was located from west of Sabine

Pass, Texas to east of the Mermantau River, Louisiana (Figure 1).

The

western- and eastern- most transects extended to the shelf break (200 k m ) .
The other 3 transects extended to the 18-m depth contour and were approx
imately 65 km long.
Ichthyoplankton samples were collected during each of 5 cruises from
December 1981 to April 1982.

An opening and closing, 60-cm, paired

"bongo type" plankton sampler was used for all collections.
had net meshes of 335 and 500 pm.

The sampler

Plankton collections consisted of 10-
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minute stepped oblique tows from near bottom to surface at a retrieval
rate between the 5 steps of approximately 20 m/min.
Larvae for the pigment and morphometric analyses (N = 250) were
preserved in 10% buffered formalin in seawater in the field and later
transferred to 4% buffered formalin.

Body dimensions were measured to

the nearest 0.01 mm with an ocular micrometer in a stereomicroscope.
Measurements included total length (TL), pre-anal length (PL), body depth
(BD), head depth (HD) and eye diameter (ED).

Analysis of covariance was

employed to determine possible differences in body morphology between
morphs I and II.

Sand seatrout used for the age analysis were taken from

the 500-fJm nets and preserved in 100% isopropanol.

To assure adequate

preservation, the isopropanol was changed once in the laboratory.

Sand

seatrout larvae from the following stations were utilized in the otolith
analysis:

A-l, A-8, B-2, B-6, C-l, C-5, D-2, D-7, E-l and E-8 (Figure

1 ).
Otolith Preparation and Age Determination
Otolith preparation and age determination of larval sand seatrout
was based on the methods reported bj7 Taubert and Coble (1977).

Saccular

otoliths were removed, mounted in Permount on a glass microscope slide
and, if sufficiently thick to prevent a direct increment count, ground in
the saggital plane with No. 600 ultra-fine sand paper until the core was
reached.

The ground otoliths were then etched in 5% EDTA ethylenedinit-

rilotetracetic acid) for 15-45 seconds, a cover slip was placed on top
and they were observed by using a polarized oil immersion light micro
scope at 400-1000 x.

The regularly spaced increments that radiated out

from the core were enumerated.

Three independent increment counts were

made on each otolith and replicate counts never differed by more than
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7.5%.

To prevent bias when the increment counts were made, it was not

possible for the reader to determine the size of the larva or from which
larval morph the otoliths had been removed.

The maximum diameter of the

otoliths was measured to the nearest 0.01 mm with an ocular micrometer in
a stereomicroscope.

A final comparison was made between increment number

and otolith diameter from the two morphs.
Estimation of Larvae Growth
Linear growth models were used to examine the age and growth data
for larval sand seatrout based on the work of Warlen (1981), Beckman and
Dean (1984), Govoni et al.

(1985) and this study (Chapter 3).

Analysis

of covariance was employed to determine if growth rates differed between
the morphs and if there was dissimilarity in the ratio of otolith
diameter to larva total length.

RESULTS AND DISCUSSION

Pigment
Many sand seatrout larvae possessed a melanophore on the dorsal
midline opposite a large melanophore in the anal fin base that is typical
of most Atlantic and Gulf Cynoscion.

With increased larva size, the

dorsal melanophore was located at the posterior end of the dorsal fin
base.

However, not all larvae possessed the dorsal melanophore and those

that did not were classified as morph I (Figure 24).

Since the presence

or absence of a single pigment character is not sufficient to adequately
separate fish larvae, they were examined more closely for other pigment
and morphometric differences.
Three pigment and 2 morphometric (body depth and larva growth rate)
differences were identified to separate the two larvae morphs:

1) the
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presence or absence of the dorsal melanophore; 2) the number of melanophores at the anus beneath the visceral mass on the pre-anal finfold; and
3) the size of larvae at initial lateral pigment formation.
In Figure 24, A to E are composite illustrations of sand seatrout
larva morph type I.

Larva pigment characters were, for the most part,

consistent with the larvae series described by Daniels (1977).

A brief

summary of external larva pigmentation based on individuals collected
during this new study follows.
Head: All sand seatrout morph I larvae examined had pigmented eyes.
Larvae from 2 to 3 mm TL had melanophores at the angle of the lower
jaw, at the occipital and on the ventral surface of the dentary.
These characters persisted as larva size increased.
Trunk and Caudal Region:
Sand seatrout morph I larvae were sparsely
pigmented. At 2 to 3 mm TL, melanophores occurred on the anterior,
dorsal and ventral surfaces of the visceral mass.
There was also
and unevenly spaced row of 3 to 5 melanophores on the ventral
surface of the caudal body and a melanophore often occurred on the
pre-anal finfold.
Larvae 3 to 4 mm TL had a melanophore at the
cleithral symphysis and an enlarged, stellate melanophore in the
middle of the anal fin base.
Some of the melanophores (pattern is
not consistent) on the ventral caudal body had been lost.
Sand
seatrout greater than 4 to 5 mm had all the pigment characters
described above with the exception of the ventral caudal body
melanophores. By this time most of the melanophores
were lost but
there was a large melanophore between the anus and the anterior
insertion of the anal fin and one in the middle of the anal fin
base.
Occasionally, one or two small melanophores appeared on the
caudal peduncal and one typically occurred at the anus beneath the
visceral mass on the preanal finfold.
Lateral pigment formation did
not begin until the larvae were about 12 mm TL.
In Figure 25, A
larvae morph type II.

to E are composite illustrations of

sand seatrout

They possess all of the general external pigment

characters previously described for morph I except that where it occurs
the pigment is usually more succinct, less stellate and more intense.
Melanophores on morph type I are often extremely expanded, even to the
point of appearing diffuse. However, as mentioned, 3 distinct pigment
differences were determined. Specifically, the first is the presence or
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absence of the dorsal melanophore. As can be seen in Figure 25, morph II
had a melanophore on the dorsal midline opposite the enlarged melanophore
in the anal fin base.

Morph I did not (Figure 24).

The arrows on the

figures (24-A, 25-B) point to where the pigment differences occurred.
The second difference is the number of melanophores at the anus beneath
the visceral mass on the pre-anal finfold.

As previously mentioned, and

as shown in Figure 24, morph I typically had 1 melanophore on the
pre-anal finfold.

In contrast, morph II always had at least 2 melano

phores, but as Figure 25 shows, there were often three.

The third

difference was the size of larvae at initial lateral pigment formation.
Larvae of sand seatrout morph type I began forming lateral pigmentation
at an average size of about 12 mm TL.

The lack of lateral pigment on

small larvae was also noted by Daniels (1977). Figure 24-E is a composite
of a 10.5 mm TL morph type I and, clearly, no lateral pigment had formed.
In contrast, Figure 25-E is an 8-mm TL composite of morph type II and
lateral pigment formation had begun.
Virtually no overlap of the characters mentioned above occurred
between the two morphological types. On occasion, the dorsal melanophore
was not visible on small (<3.5 mm TL) morph type II larvae but the other
characters could be used to separate the morphs.

However, the presence

or absence of the dorsal melanophore is the best character used in
separating the larva morphs.
Unfortunately, Daniels'

description (1977) of sand seatrout larvae

did not distinguish between the two morphological types.

Her Figure 8

(pg. 12) shows a 7.5-mm SL sand seatrout larvae with the dorsal melano
phore present (i.e. morph II) while the others she illustrated do not
(i.e. morph I).

This probably accounts for Stenders (1980) inability to
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distinguish sand seatrout larvae from those of the silver seatrout or
weakfish from Atlantic east coast waters.
Body Dimensions
Several body dimensions were measured and analyzed statistically for
differences between the morphological types.

Head depth, eye diameter,

pre-anal length, body depth, and total length were measured.

Of the

measurements taken, only body depth proved statistically different.

In

each case log base 10, log-log models regressed on total length employing
analysis of covariance (ANOCQVAR) were used to analyze the data.

Only

differences in body depth between the morphs are discussed here since the
other body dimensions were not significantly different at the 95% confi
dence level.
The tests for separate slopes as well as for separate intercepts
were highly statistically significant (P < 0.01) and the r2 was 0.90
(Table 14).

The results are shown graphically in Figure 26.

The body of

sand seatrout larvae morph II deepened more rapidly with length over the
range of total lengths analyzed (1.8 to 17 mm T L ) .
Age and Growth
The larval sand seatrout examined for this age analysis ranged in
length from about 2.5 to 11 mm TL and were estimated to be from 10 to 70
days old.

A total of 145 larvae were preserved in isopropanol and

available for age analysis.

Larva age was estimated by adding five

"days" to the number of increments counted in the otoliths.

Many marine

fish larvae do not form growth increments in otoliths until after comple
tion of yolk-sac absorbtion (Brothers et al., 1976; Campana, 1984) and
other sciaenids begin increment deposition 4 to 5 days after hatching
(University of Texas Mariculture Program Rep.

1982-1983; Peters et al.,
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1978).

Consequently, an estimate of five days was used in this analysis

to account for yolk-sac absorption time.
Analysis of covariance was employed to determine if the growth rates
of the two morphs were comparable (Table 15).

The growth rates of the

two morphs were different and the relationship is presented graphically
in Figure 27.

Morph type I grew significantly faster than morph type II.

The growth equation generated for morph I by the ANOCOVA can be used to
predict larvae total length at any time up to an estimated age (increment
number) of 70 days and is as follows:

= 0.197(t) + 1.220 mm where:

= length in mm at time (t) and (t) = time in days.

The estimated

age, mean length observed from the data and the predicted lengths based
on the linear growth model for morph I are given in Table 16.

The fit is

fairly good with the major discrepancies occurring where only one larva
of a given age was collected. The same data shown in Table 16 for morph
type I are given in Table 17 for morph II. The predicted lengths in Table
17 are based on the growth equation

= 0.142(t) + 1.459 mm where

= length in mm at time (t) and (t) = time in days.

The equation can be

used to predict larvae total length up to an estimated age (increment
number) of 60 days.
Although the difference was not statistically significant (P <
0.33), the growth equations produced for both morphs slightly underesti
mated the intercepts in the ANOCOVA.

The estimate for morph I was

=

1.220 mm while morph II was 1.459 mm. The explanation for this phenomenon
is given in detail in Chapter 4 (page 58) and was primarily a result of
the statistical fit of a linear model to the data.

Early larva growth

probably consists of a sequence of moderate growth for a short time after
hatching, a period of minimal or no growth to first feeding and finally a
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more rapid growth phase.

Larvae included in this analysis were in the

rapid growth phase and explain the underestimation of
ANOCOVAR).

(intercepts in

The above growth pattern is suggested "to be almost universal

in larval growth" (Swiefel and Lasker, 1976). Otherwise, the estimated
daily growth rates of 0.197 mm/day for morph type I and 0.142 mm day for
morph II, are similar to those reported for other sciaenids (This study;
Warlen, 1981; University of Texas Maricuture Program Rep. 1982-1983;
Beckman and Dean, 1984).
All larval sand seatrout collected in January and February were
morph type II.

One 3.94 mm TL individual was collected in January.

Both morphs were collected in March and April.

The monthly modal lengths

of all morph II larvae collected were around 2.5 and 5.5 mm TL in
February and March, respectively (Figure 28).

Based on the age and

growth data presented here, the morph II larva collected in mid-January
could have been as old as 24 to 25 days. This implies, at least for the
winter of 1981-82, that spawning may have begun in December.

Larvae in

the modal lengths in February and March were about 15 and 36 days old,
respectively.
Figure 28 presents length-frequency data for sand seatrout morpho
logical type II larvae from January to April 1982. Analysis of lengthfrequency data of all sand seatrout collected, combined with the infor
mation on estimated larva age and growth, indicate that spawning had
begun by early January (Table 17, Figure 28).
Interpretation of monthly modal lengths from April data is more
complicated since many larvae of both morphological types were collected.
Of the 3,876 sand seatrout captured in April, 2,283 where morph type I
and 1,593 were type II.

The length-frequency data for morph I are
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presented in Figure 29.

Most larvae collected in March were small and

the monthly modal length was about 2.5 ram TL, a length indicative of
larvae estimated to be about 12 to 14 days old (Table 16).

In mid-April,

the monthly modal length of sand seatrout morph I larvae was again,
mm TL but larvae up to 17 nun TL were collected (Figure 29).

2.5

Based on the

growth equation for sand seatrout morph type I, a 17-mm larva would be
approximately 90 days old and, therefore, would have been spawned in
February.

No morph type I larvae were collected in February in the

present study, but only 20 sand seatrout larvae were captured in all that
month.
The modal length of larval morph type II decreased from March to
April even though larvae up to 12.5 mm TL were collected.

A modal length

of 2.5 mm TL was observed in April and reflects the presence of many
small larvae in the samples.

Based on the growth equation for morph II,

a 12.5 larvae would be approximately 85 days old.
The total length (mm) of sand seatrout larvae examined were measured
and regressed on maximum diameter of saccular otoliths, again employing
Log-Log models in ANOCOVA to detect differences between the morphs.

A

summary of the results of the analysis are given in Table 18 and are
presented graphically in Figure 30.

The slopes of the two lines were

significantly different from zero, but the intercepts and slopes were not
significantly different from one another.
most noteworthy.

The latter relationship is the

Since the slopes of the regression lines for the two

morphs were not significantly different, the data were combined to
produce the following equation:

^( d )= 0*937 (D) + 0.282 where

Logjg total length at L o g ^ otolith diameter (D).

=

The r2 for the model
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was 0.89 and the model can be used to predict the otolith diameter/fish
length relationship for sand seatrout larvae from 2.5 to 11 mm TL.
As a final comparison of the sand seatrout morphs using otolith
techniques, the ratio of increment number to otolith diameter was
analyzed.

AN0C0VAR was, again, employed to examine the data and a

summary of the results are given in Table 19.

As might be expected, the

results (shown graphically in Figure 31) indicate that the slopes of the
two regression lines were significantly different from zero and one
another within the 95% confidence interval, and that the otoliths of sand
seatrout morph type II larvae had more increments per unit diameter of
each otolith.

This suggests that the increments on the otoliths of

larvae morph II were narrower than morph I, a result indicative of slower
growth or different rates of increment deposition.

However, examination

of the otoliths of morph II revealed no distinct or rapid changes in
increment width from the primordium to the distal edge of the otolith.
Distribution
The density-distribution of all sand seatrout larvae collected in
this study is discussed in detail in Chapter 1.

However, in that discus

sion, no information was presented about the density-distribution of sand
seatrout larvae separated by morphological type.

When the data were

examined in this way, a distinct pattern became evident.
Sand seatrout larvae were captured in 66 of the 189 ichthyoplankton
collections made during this 5-month study.

Sand seatrout morph type I

larvae were captured at 33 stations and morph II at 40 stations (Figure
32).

Of the 66 stations where sand seatrout larvae were collected, the

two morphological types occurred together at only 7 stations.

The

available chemical, physical and biological data from this study were
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examined in an attempt to identify some water mass characteristic that
may have forced such a separation in larva distribution that was parti
cularly evident in April.

None were identified.

The two morphological

types were originally entered as separate biological variables in the
canonical correlation analysis discussed in Chapter 2, but were found to
be very similar in their canonical loadings in every respect except for
the temporal variable "cruise".
April.

Morph I was collected in only March and

The larvae of both morphs were most abundant in April and their

relationships with the environmental variables were similar.

No reason

for the separation was identified.

CONCLUSIONS

Two distinct morphological types of larvae of the sand seatrout,
Cynoscion arenarius, were collected in west Louisiana shelf waters in the
winter and early spring of 1982.

The larvae of the two morphological

types (morphs I and II) are separable by 3 pigment pattern differences:
1) the presence or absence of a melanophore on the dorsal midline
opposite a large melanophore in the anal fin base; 2) the number of
melanophores at the anus beneath the visceral mass on the pre-anal
finfold; and 3) the size of larvae at the initiation of lateral pigment
formation.

Almost 100% separation between the morphs is possible based

on the above suite of characters.

The two morphological types also

exhibited differences in body depth and larvae growth rates.

The body of

morph type II deepened more rapidly with larvae total length in specimens
from 2 to 17 mm TL.
than morph II.

On the other hand, morph I grew significantly faster

Based on estimated growth rates both morphs appeared to

deposit daily growth increments in their saccular otoliths and the
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increments were used to generate a linear growth equation for each morph.
Morph I grew at an estimated rate of about 0.20 mm/day while morph II
grew about 0.14 mm/day.
The two morphs were also separated in horizontal space and very
little overlap occurred in their density-distribution.

An analysis of

chemical and physical data (Chapter 2) was not useful to explain the
separation of the larvae of the two morphs in the study area.
The existence of several distinct physical and ecological diffe
rences between the two morphological types poses several questions:

Are

they two species, two gene pools of the same species, hybrids or a result
of wide natural variation in the genetics of one species?
two species or the result of hybridization.

They could be

As previously mentioned, the

taxonomic status of Cynoscion is unclear in the Gulf.

It is also

possible that environmental conditions can vary sufficiently to cause
wide variability in larvae pigmentation and/or condition factor.

Even

though the larva morphs were growing at different rates, neither morph
appeared starved and the slow grower was deeper bodied.

The data are

presently insufficient to determine which of the possibilities is
favored.

More study is clearly needed.

TABLES
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Table 1.

Results of previous ichthyoplankton investigations in Gulf of Mexico offshore waters, ordered by species and date.

Species

Cynoscion
arenanus

Location

Occurrence in
plankton

Port Aransas, TX and
nearby waters

Jun-Sep

Size range
(ran)

Total
number

post-larvae

Mississippi Bight, LA

1.8-12.0

Other comments

May-Sep

9-47

Caminada Pass, LA

Spawning season and
location

Hoese, 1965

36

238

Source

Sabins and Truesdale,
1974
Mar-Aug in nearshore
Gulf and passes

larvae between 1.8
and 8.0 described and
compared with C.nebulosus.
Largest concentration was
found 15 km offshore at
9.4 m depth

Daniels, 1977

Outer continental
shelf off TX

Apr-Dee

information is sketchy;
some densities and length
ranges reported but mostly
by family

Finucane et al., 1977

Outer continental
shelf off TX

Dec

Cynoscion sp. reported
May-Dee; some densties
and length ranges reported
but mostly by family

Finucane et al., 1979

Nearshore Gulf .btw
Barataria Bay and
Timbalier Bay

Jul-Aug

C. arenarius and C.
nebulosus relatively
abundant, occurred
together at many stations

Walker, 1978

Eastern Gulf of
Mexico shelf

wintersummer

all collected at
stations < 20 m deep

Houde et a l .,
1979

Continental
shelf off LA

Jan-Apr

age study suggest
that spawning began
as early as Dec

This study

2.1-9.3

178

not delineated

21

1.7-20.5

4,100

mid-shelf to near
shore, season not
delineated

VO

Table 1.

(Cont'd.)

Species

Larimus
fasciatus

Location

Port Aransas, TX and
nearby waters

Occurrence in
plankton

Jun

Caminada Pass, LA
Nearshore Gulf btw
Barataria and
Timbalier Bays

Jul-Aug

Outer continental
shelf off TX

Aug-Nov

Other continental
shelf off TX

Jul-Nov

Continental
shelf off LA

Apr

Size range
(no)

Total
number

11.5-25

11

post-larvae

22

2.2-4.2

Spawning season and
location

Other comments

taken among debris;
32 btw 14-39 mm taken
in Oct in a trawl
collection at 3 fms

Source

Hoese, 1965

Sabins and
Truesdale, 1974
Walker, 1978

151

see comments under
C. arenarius

Finucane et al.,
1977
Finucane et al.,
1979

3.5-5.5

13

mid-shelf, season
not delineated

This study

Table 1.

(Cont’d.)

Species

Leiostomus
xanthurus

Occurrence in
plankton

Size Range
(mm)

Port Aransas, TX and
nearby waters

Feb-Mar

> 7 ran in
Feb

Caminada Pass, LA

Nov-Mar

PL-Juv's

45,707

Nearshore Gulf btw
Barataria and
Timbalier Bays

Dec

2.9-12.4

136

Outer continental
shelf off TX

Now-Jan

Outer continental
shelf off TX

Dec-Mar

Eastern Gulf of
Mexico on the
continental shelf

Fall-Spring

Continental
shelf off LA

Dec-Har

Location

Total
number

Spawning season and
location

Other comments

Source

Hoese, 1965

Sep-Har in Gulf

considered part of the
cold water community

Sabins and
Truesdale, 1974

more abundant below
4 m depth

Walker, 1978

see comments for
C. arenarius

Finucane et al.
1977

Finucane et al.
1979
64.1% collected in
spring; most occurred
at stations < 15 m deep
but out to 50 m.

192

2.5-16.5

264

mid-shelf, season
not delineated

Houde et al.,
1979

This study

Table 1.

(Cont’d.)

Species

Menticirrhus
sp.

Location

Occurrence in
plankton

Port Aransas, TX and
nearby waters

Mar-Nov

Caaiinada Pass, LA

Apr-Sep

Hearshore Gulf btw
Barataria and Timbalier
Bays

Jul-Aug

Outer continental shelf
off TX

Mar-Sep

Outer continental shelf
off TX

Apr-Nov

Size range
(mm)

Micropogonias
undulatus

Apr

Port Aransas, TX and
nearby waters

Nov-Feb

Spawning season and
location

Other consents

Source

573

Mar-Nov in Gulf

Hoese, 1965

PL-Juv's
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Mar-Nov in passes

Sabins and
Truesdale,
1974

2.1-4.8

140

Walker, 197S

See C. arenarius for
comments

Finucane et al
1977
Finucane et al
1979

Eastern Gulf of Mexico
Winter-Summer
on the continental shelf
Continental shelf off
LA.

Total
number

52

2.5-8.5

213

All collected at stations
< 20 a deep
Mid- to inner shelf
season not delineated

Nov-Feb in Gulf

Houde et al.,
1979
This study

All taken at nearshore
stations; implies that
spawning takes place close
to shore; post-larvae seem
to be bottom forms; common
at surface in Dec,
considered part of cold
water community, more
abundant below 4 m depth

Hoese, 1965

Table 1.

(Cont’d.)

Species

Micropogonias
undulatus

Pogonias
cromis

Location

Occurrence in
plankton

Caminada Pass, LA

Nearshore Gulf btw
Barataria and Timbalier
Bays

Dec

Outer continental shelf
off TX

Aug-Dee

Outer continental shelf
off TX

Sept-May

Eastern Gulf of Mexico
on the continental shelf

Fall-Spring

Continental shelf off
LA

Dec-Apr

Port Aransas, TX and
nearby waters

Feb-Apr

Caminada Pass, LA

Size range
(mm)

Total
number

Spawning season and
location

PL-Juv’s

2,603

Sep-Mar in Gulf

3.5-11.6

51

Other comments

Sabins and
Truesdale,
1974

Gulf

Walker, 1978

Micropogonias sp. in Nov,
see C. arenarius for
comments
Micropogonias sp. in May

16

2.0-20.5

567

Post-larvae

13 of 16 taken in Nov;
occurred at stations
30 a deep
mid- to outer shelf
season not delineated

Gulf

2-6

33

Gulf

Source

Finucane et al
1977
Finucane et al
1979
Houde et a l.,
1979

This study

Taken at stations along
beach

Hoese, 1965

Sabins and
Truesdale, 1974

Table 1.

Species

Pogonias
crotnis

(Coat'd.)

Location

Occurrence in
plankton

Outer continental
shelf off TX

Apr

Outer continental
shelf off TX

Mar

Eastern Gulf of
Mexico on the
continental shelf

Mar

Continental shelf
off LA

Jan-Apr

Size range
(ran)

Total
number

Spawning season and
location

Other conraents

Source

see consents for C.
arenarius

Finucane et al.,
1977
Finucane et al.,
1979

collected near shore

2

2.5-5.5

68

■id- to inner shelf
season not delineated

Houde et al.,
1979

This study

00

85

Table 2.
Station
(M)

Nominal station values
Latitude

Longitude

Depth

Al
A2
A3
A4
A5
A6
A7
A8
A9

29°
29°
29°
29°
28°
28°
28°
28°
27°

35.0’
25.75'
13.25'
3.00’
54.3’
44.3'
34.4'
16.0’
54.0’

9 3 ° 5 5'
ft
ft
ff
»l
ft
ft
tl
ft

6.4
10.5
16.5
19.7
23.8
25.6
36.6
62.2
114.9

B1
B2
B3
B4
B5
B6

29°
29°
29°
29°
29°
29°

9.0'
16.25
2 4.5’
34.0'
38.3'
43.0'

9 3 ° 3 5'
fl
ff
ft
ft
ft

18.3
12.8
13.8
11.0
10.5
7.7

Cl
C2
C3
C4
C5
C6

29°
29°
29°
29°
29°
29°

42.0'
38.9'
32.4'
23.9'
17.0'
9.4'

93° 25'
ft
ff
ft
ff
ff

7.0
11.0
11.4
12.8
15.0
18.3

D1
D2
D3
D4
D5
D6
D7

29°
29°
29°
29°
29°
29°
29°

8 .7 ’
16.0'
22.6'
29.1’
36.0'
40.6'
4 3.5’

93° 15’
ft
ff
ft
ft
ff
ft

18.3
16.8
13.0
12.5
11.0
9.1
6.8

El
E2
E3
E4
E5
E6
E7
E8
E9

29°
29°
29°
29°
28°
28°
28°
28°
27°

38.25'
31.9'
22.0'
9.0'
58.6'
50.0'
34.4'
11.0'
57.0*

92° 55'
tl
ft
ff
ff
ff
ff
ff
ft

7.4
11.9
16.5
20.0
23.1
25.6
36.6
71.3
131.7

Table 3.

Total number, months of occurrence and monthly number-density of sciaenfd larvae, including total larvae,
collected in west Louisiana shelf waters from December 1981 to April 1982.
Monthly Density (Number Collected - Number/100 m a)
Mar
Jan
Feb
Apr

Total
Number

Months of
Occurrence

57,382

Dec-Apr

1,511-93.1

3,842-48.1

9,848-141.8

6 ,248-95.6

36,133-430.0

Total Sciaenids

5,225

Dec-Apr

138-9.8

249-3.3

334-4.8

364-5.6

4,140-49.3

Cynoscion arenarius

4,100

Jan-Apr

0-0

1-

20-0.3

203-2.9

3,876-46.1

Micropogonias undulatus

567

Dec-Apr

28-2.0

158-2.2

221-3.2

144-2.2

16-0.2

Leiostomus xanthurus

264

Dee-Mar

110-7.8

89-1.3

62-0.9

3-0.1

Menticirrhus sp.

160

Apr

0-0

0-0

0-0

Pogonias cromis
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Jan-Apr

0-0

1-

31-0.5

Menticirrhus americanus

53

Apr

0-0

0-0

0-0

0-0

53-0.6

Larimus fasciatus

13

Apr

0-0

0-0

0-0

0-0

13-0.2

Taxa

Total Larvae

Dec

0-0
14-0.2

0-0
160-1.9
22-0.3

Co

O'

Table 4.

Month
January
February

Monthly data summary for sand seatrout, Cynoscion arenarius, collected in west Louisiana shelf waters from
January 1981 to April 1982.
Total
Number
1

Catch
Rate(#/100 m 3)

---

Length
Range (non)
4

Temperature
Range (°C)

Salinity
Range (ppt)

Depth
Range (m)

14

35

18

20

0.3

2.5-4.5(x = 2.9)

14-20

34-36

15-70

March

203

2.9

1.5-10.5(x = 4.3)

14-18

25-36

5-40

April

3876

46.1

1.5-20.5(x = 5.1)

20-21

15-36

5-70

oo

Table 5.

Summary data from a four-way analysis of variance done on LogjQ (Cynoscion arenarius/100 m 3) + 1 in
ichthyoplankton samples collected from January to April 1982. The four main effects tested were:
month (Jan-Apr); station depth group (depth group 1 < 10 m, 10 m < d.g. 2 < 14 m, 14 m < d.g.3
< 24 m and d.g. 4 > 24 m); day-night (2000 hrs < night < 0500 hrs); and horizontal tow type
(surface vs near-bottom). Also presented are the second order interactions.

Dependent variable:

I*°8jq (Cynoscion arenarius /100 m 3) + 1

SOURCE
Model

DF

F

PR > F

21

28.43

0.0001**

Month

3

121.75

0.0001**

Depth Group

3

21.65

0.0001**

Day-Night

1

9.32

0.0026**

Horizontal Tow Type

1

1.30

0.2574 (NS)

Month vs. Day-Night

3

5.73

0.0001**

Month vs. Depth Group

9

9.45

0.0001**

Day-Night vs. Tow Type

1

0.66

0.4180 (NS)

Error

177

Corrected Total

198

**Highly significant (P < 0.01)
(NS) Not Significant

2
r
.75

Table 6.

Month

Monthly data summary for Atlantic croaker, Micropogonias undulatus, collected in west Louisiana shelf
waters from December 1981 to April 1982.
Total
Number

Catch
Rate(#/100 m 3

Length
Range (mm)

Temperature
Range (°C)

Salinity
Range (ppt)

Depth
Range (m)

December

28

2.0

2.5-10.5(x = 4.3)

12-20

30-36

10-65

January

158

2.2

2.5-10.5(x = 4.8)

10-18

30-36

10-40

February

221

3.2

2.5-17.5(x = 11.7)

11-17

27-36

5-40

March

144

2.2

2.5-19.5(x = 13.1)

14-20

25-36

5-115

April

16

0.2

11.5-18.5(x = 16.1)

20.5

22

7.0

oo

vo

Table 7.

Suimnary data from a four-way analysis of variance done on t o g ^ (Micropogonias undulatus/100 m 3) + 1 in
ichthyoplankton samples collected from January to April 1982. The four main effects tested were:
month (Jan-Apr); station depth group (depth group 1 < 10 m, 10 m < d.g. 2 < 14 m, 14 m < d.g.3 <24m
and d.g. 4 > 24 m); day-night (2000 hrs < night < 0500 hrs); and horizontal tow type (surface vs
near-bottom). Also presented are the second order interactions.

Dependent variable:

L o g ^ (Micropogonias undulatus /10Q m 3) + 1

SOURCE

DF

F

PR > F

21

4.51

0.0001**

Month

3

4.54

0.0045**

Depth Group

3

1.09

0.3551 (NS)

Day-Night

1

19.23

Horizontal Tow Type

1

0.59

0.4448 (NS)

Month vs. Day-Night

3

1.49

0.2168 (NS)

Month vs. Depth Group

9

5.13

0.0001**

Day vs. Tow Type

1

2.34

0.1288 (NS)

Model

Error

177

Corrected Total

198

**Highly significant (P < 0.01)
(NS) Not Significant

0.0001**

2
r
.63

Table 8.

Monthly data summary for spot, Leiostomus xanthurus, collected in west Louisiana shelf
waters from December 1981 to March 1982.
Total
Number

December

110

7.8

2.5-7.5(x = 3.2)

14-18

30-36

16-65

January

89

1.3

2.5-13.5(x = 5.1)

10-18

30-36

5-40

February

62

0.9

3.5-15.5(x = 12.7)

10-17

28-36

5-40

3

0.1

3.5-16.5(x = 10.2)

14-17.5

26-36

11-40

March

Catch
Rate(#/100 m 3)

Length
Range (mm)

Temperature
Range (°C)

Salinity
Range (ppt)

Month

Depth
Range (m)

VO

Table 9.

Summary data from a four-way analysis of variance done on I'OgjQ (Deiostomusxanthurus/100 m3) + 1 in
ichthyoplankton samples collected from January to April 1982. The four main effects tested were:
month (Jan-Apr); station depth group (depth group 1 < 10 m, 10 m < d.g. 2 < 14 m, 14 m < d.g.3 < 24m
and d.g. 4 > 24 m); day-night (2000 hrs < night < 0500 hrs); and horizontal tow type (surface vs
near-bottom). Also presented are the second order interactions.

Dependent variable:

I'OSjq (Leiostomus xanthurus /100 m 3) + 1

SOURCE

DF

F

PR > F

21

5.16

0.0001**

Month

3

11.71

0.0001**

Depth Group

3

4.79

0.0033**

Day-Night

1

1.75

0.1875 (NS)

Horizontal Tow Type

1

.99

0.3216 (NS)

Month vs. Day-Night

3

1.50

0.2138 (NS)

Month vs. Depth Group

9

4.70

0.0001**

Day-Night vs. Tow Type

1

4.68

0.0324*

Model

Error

177

Corrected Total

198

-'Statistically significant (P <0.05)
**Highly significant (P <0.01)
(NS) Not Significant

2
r
.51

Table 10.

Month
January

Monthly data summary for black drum, Pogonias cromis, collected in west Louisiana shelf
waters from January to April 1982.
Total
Number
1

Catch
Rate(#/100 m 3)

Length
Range (mm)

Temperature
Range (°C)

Salinity
Range (ppt)

Depth
Range (m)

---

5.5

12

31

12

February

31

0.5

2.5-5.5(x = 3.3)

11-16

28-36

5-25

March

14

0.2

2.5-4.5(x = 2.7)

14-15

25-29

5-20

April

22

0.3

3.5-5.5(x = 3.9)

20-21

15-30

5-12

vo
u>

Table 11. Summary data from a four-way analysis of variance done on kog^Q (Pogonias cromis/100
ichthyoplankton samples collected from January to April 1982. The four main effects
month (Jan-Apr); station depth group (depth group 1 < 10 m, 10 m < d.g. 2 < 14 m, 14
and d.g. 4 > 24 m); day-night (2000 hrs < night < 0500 hrs); and horizontal tow type
near-bottom). Also presented are the second order interactions.
Dependent variable:

I*°8jq (Pogonias cromis /100 m 3 +) 1

SOURCE
Model

DF
21

F
2.46

PR>F
0.0012**

Month

3

3.61

0.0145*

Depth Group

3

4.47

0.0049**

Day-Night

1

2.73

0.1000 (NS)

Horizontal Tow Type

1

0.90

0.3476 (NS)

Month vs. Day-Night

3

4.90

0.0028**

Month vs. Depth Group

9

0.57

0.8244 (NS)

Day-Night vs. Tow Type

1

1.26

0.2684 (NS)

Error

177

Corrected Total

198

*Statistically significant (P <0.05)
**Highly significant (P <0.01)
(NS) Not Significant

r2
.51

m 3) + 1 in
tested were:
m < d.g.3 < 24 m
(surface vs
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Table 12. Canonical R 2 , redundancy statistics and factor values for the
first four canonical variates. Redundancy is the relationship
between the species variables and the environmental canonical
variates.
Canonical Variate (CV)
R2
Redundancy

1
.63
17%

2
.33
6%

3
.19
3%

4
.10
1%

Factor Loadings
A.

B.

Species
Cynoscion arenarius
Micropogonias undulatus
Leiostomus xanthurus
Menticirrhus americanus
Pogonias cromis
Larimus fasciatus
Menticirrhus sp.

+ .98
-.19
-.28
+ .55
+ .17
+ .30
+ .59

+ .07
-.12
+ .28
+ .50
-.57
+ .37
+ .61

+ .09
+ .50
+ .90
-.19
+ .15
-.12
-.06

+ .03
+ .72
+ .02
+. 16
+ .32
+ .17
+ .30

Environmental variables
Cl (linear time)
C2 (quadratic time)
C3 (cubic time)
Oxygen
Chlorophyll a
Ammonia
Nitrate
Phosphate
Silicate
Temperature
Salinity
Zooplankton Biomass
Station Depth

+ .83
+ .63
-.09
-.13
-.11
-.05
+ .42
+ .07
+ .40
+ .54
-.47
+ .67
-.32

-.09
+ .47
+ .45
-.12
-.39
-.10
-.53
-.19
-.44
+ .40
+ .54
-.09
-.17

-.46
+ .10
-.03
+ .08
-.01
+ .24
+ .19
+ .20
+ .18
-.14
-.21
+ .55
-.38

-.15
-.31
+ .22
+ .17
+ .59
+ .16
-.33
+ .24
-.33
-.47
-.03
+ .22
-.44
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Table 13.

The estimated age, observed total lengths and predicted total
lengths of Atlantic croaker larvae collected for otolith
analysis in the oceanic waters off west Louisiana. L, *
was predicted using the equation
=
0.189(t) + 0.034mm.

Estimated Age
(days)
41
42
48
49
51
52
53
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
78
81
83

Mean Total Length (mm)
± S.D.
^L (t) observed)
8.01
10.32
9.86
9.44
11.71
10.01
10.73
11.28
11.09
11.37
11.86
11.44
11.75
12.11
10.78
11.93
11.86
11.40
12.51
13.23
14.01
14.48
13.78
15.09
15.96
17.71
16.48
15.71

+ 1.56
+ 0.22
+
+
+
+

0.59
0.61
0.77
1.05

+
+
+
+
+

1.15
1.31
2.31
1.09
0.54

+ 2.05
+ 0.24
+
+
+
+

0.81
0.98
1.09
0.94

Predicted Total
Length (mm)
^L (t)

calculated
8.38
8.57
9.71
9.89
10.27
10.46
10.65
11.02
11.22
11.41
11.60
11.78
11.97
12.16
12.35
12.54
12.73
12.92
13.11
13.30
13.48
13.68
13.86
14.05
14.24
15.37
15.94
16.32
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Table 14.

Summary data from an analysis of covariance employed to
detect differences in body depth of two morphological types
of sand seatrout, Cynoscion arenarius, larvae collected from
January to April 1982. The dependent variable is L o g ^ of
body depth. The independent variable is LogjQ of larvae
total length in mm.

Dependent variable:

of body depth.

SOURCE
Model
Log n of total length
(Ho: slope=0)
Morph I or II
(Ho: same intercepts)
Log of total lengths/
morph I or II
(Ho: same slopes)
Error
Corrected Total
** Highly significant (P <0.01)

DF
3
1

F
618.68
1768.99

PR>F
0.0001**
0.0001**

1

77.97

0.0001**

1

9.08

0.0029**

212
215

r2
.90
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Table 15.

Summary data from an analysis of covariance employed to
detect differences in growth rates between two morphological
types of sand seatrout, Cynoscion arenarius, larvae collected
from January to April 1982. The dependent variable is total
length (mm). The independent variable is estimated age in
days.

Dependent variable:

Larvae total length in mm.

SOURCE
Model
Age
(Ho: slope=0)
Morph I or II
(Ho: same intercepts)
Age of larvae/
morph I or II
(Ho: same slopes)
Error
Corrected Total
** Highly significant (P <0.01)

DF
3
1

F
260.03
696.22

PR>F
0.0001**
0.0001**

1

64.40

0.0001**

1

19.49

0.0001**

147
150

r2
.84
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Age, number, observed total lengths and predicted total
lengths of sand seatrout larvae morph type I based on the
raw data and the linear growth equation L, v = 0.197(t) +
1.220 mm.
K }

MEAN
TOTAL LENGTH (mm + SD)

N
11

12
13
14
15
16
17
18
19

20
21

22
23
24
25
26
27
29
30
31
33
34
35
36
42

61

5
2
9
6
4
7
3
2
4
6
1
5
2
7
2
2
1
1
1
2
3
1
1
1
1
1
1

2.17
2.43
2.46
2.48
2.73
2.69
3.30
3.00
4.42
4.43
5.03
5.35
5.88
4.71
5.99
6.71
5.82
6.16
6.15
7.00
7.26
6.97
8.47
8.01
7.70
10.78
11.09

+
+
+
+
+
+
+
+
+
+

0.16
0.26
0.16
0.39
0.23
0.27
0.59
0.30
0.73
0.65

+ 1.05
+ 0.34
+ 0.76
+ 0.94
+ 0.93

+ 0.47
+ 0.47

PREDICTED
LENGTH
2.39
2.58
2.78
2.98
3.18
3.37
3.56
3.76
3.96
4.16
4.35
4.55
4.75
4.94
5.15
5.34
5.54
5.93
6.13
6.32
6.72
6.91
7.12
7.31
8.41
12.24
13.81
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Table 17.

AGE (days)
13
14
15
16
17
18
19
20
21
22
24
25
26
27
28
29
31
32
36
37
39
40
41
42
44
47
59

Age, number, observed total lengths and predicted total
lengths of sand seatrout larvae morph type II based on the
raw data and the linear growth equation L, .. = 0.l42(t)
+ 1.459 mm.
J

N
1
3
' 7
5
6
8
1
3
2
4
3
3
2
3
1
2
1
1
2
1
1
2
2
1
1
1
1

MEAN
TOTAL LENGTH (mm + SD)
2.79
2.26
2.47
2.53
2.80
2.95
4.42
3.55
3.63
4.09
3.82
4.28
4.42
4.34
3.75
3.48
3.69
4.54
6.09
5.39
5.03
6.53
5.75
6.97
6.62
8.93
8.51

+
+
+
+
+

0.31
0.35
0.33
0.48
0.46

+
+
+
+
+
+
+

0.46
0.43
0.19
0.94
1.15
1.20
0.88

+ 0.04

+ 0.13

+ 0.53
+ 0.43

PREDICTED
LENGTH
2.31
2.45
2.58
2.73
2.87
3.01
3.15
3.29
3.44
3.58
3.86
4.01
4.15
4.29
4.43
4.58
4.86
5.00
5.57
5.71
5.99
6.14
6.28
6.42
6.70
7.13
8.84
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Table 18.

Summary data from an analysis of covariance employed to
detect differences in otolith diameter (mm) and larvae total
length (mm) between two morphological types of sand
seatrout, Cynoscion arenarius, larvae collected from January
to April 1982. The dependent variable is Log.,- of total length.
The independent variable is LogjQ of otolith diameter.

Dependent variable:

^ogjg of total length

SOURCE
Model
Total length
(Ho: slope=0)

DF
3
1

F
307.12
1206.68

1

39.51

0.0621(NS)

1

2.16

0.1438(NS)

Morph I or II
(Ho: same intercepts)
Larvae total length/
morph I or II
(Ho: same slopes)
Error
Corrected Total

142
145

**Highly significant (P < 0.01)
(NS) Not significant

PR>F
0.0001**
0.0001**

r2
.90
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Table 19.

Summary data from an analysis of covariance employed to
detect differences in increment number (rings) and otolith
diameter (mm) between two morphological types of sand
seatrout, Cynoscion arenarius, larvae collected from January
to April 1982.

Dependent variable:

Increment (ring) number

SOURCE
Model
Otolith diameter
(Ho: slope=0)

3
1

F
196.74
575.36

PR>F
0.0001**
0.0001**

Morph I or II
(Ho: same intercepts)

1

11.39

0.0001**

Otolith diameter/
Morph I or II
(Ho: same slopes)

1

3.49

Error
Corrected Total

DF

142
145

* Statistically significant (P < 0.05)
** Highly significant (P < 0.01)

0.0490*

r2
.81
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Figure 1

Sampling grid showing location and station configura
tion.
Also shown are selected isobaths (m) and moored
current meter sites.
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Surface contour temperature and salinity patterns by
month, Jan to Apr 1982.
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Figure 3.

DEC

JAN

MAR

APR

FEB

Density-disribution of all sciaenid larvae by month, Dec
1981 to Apr 1982.
Densities are as follows: 0=0;
. > 0-10; • > 10-50; • > 50-99; • > 9 9 - 2 5 0 ; ^ > 250/100
m of water filtered from all plankton tow types.
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Figure

^

3

^

y

JAN

FEB

M AR

APR

Density-distribution of sand seatrout, Cynoscion
arenarius, larvae by month, Jan to April 1981.
Densities are as follows:
0=0;
• > 0-10 « 3>
10-50; • > 50-99; • > 9 9 - 2 5 0 ; ^ > 250/100 m of water
filtered from all plankton tow types.
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Length-frequency data by month for sand seatrout,
Cynoscion arenarius , Jan to Apr 1982. N = total
number caught and measured.

109

80
JAN

APR

100

TO
_

M .u n d u ia iu t

. . . . ( ..a a n th u ru t

80

•••

P .c ro m t*

10

40
30
80

/ 100 m

to

__ RUindylatua
— Ui«Mhutu»
—.&Ar»fwriu»

NO. LARVAE

•••

80i
FEB

7.0

M.»m«rtopnu«

APR

_ MomiarriAM •*-

80

P .e c o m t*

4.0

10
LO

too

M AN

80

DEPTH
Figure 6.

GROUP

Sciaenid larva density (no./lOO m 3 ) in four depth
groups by month.
Depth groups are:
depth group 1
< 10 m, 10 m < d.g. 2 < 14 m, 14 m < d.g. 3 < 24 m
and d.g. 4 > 24 m.
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Density-distribution of Atlantic croaker, Micropogonias
undulatus, larvae by month, Dec 1981 to 1982. Densities
are as follows: o =0; • > 0-10; • > 10-50; • > 50-99; £
>99-250;
£ >250/100 m 3 of water filtered from all
plankton tow types.
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Length-frequency data by month for Atlantic croaker,
Micropogonias undulatus, Dec 1981 to Apr 1982.
N =
total number caught and measured.
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Density-distribution of spot, Leiostomus xanthurus,
larvae by month, Dec 1981 to March 1982. Densities
are as follows: o
* > 0-10; • > 10-50; # >
50-99; # > 99-250;^ > 250/100 m 3 of water filtered
from all plankton tow types.
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Density-distribution of black drum, Pogonias cromis,
larvae by month, Jan to Apr 1982. Densities are as
follow: o=0; *> 0-10; • > 10-50;
• > 50-99; 9
> 9 9 - 2 5 0 ; ^ > 250/100 m 3 of water filtered from
all plankton tow types.
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Length-frequency data by month for black drum,
Pogonias cromis, Jan to Apr 1982.
N = total number
caught and measured.
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Density-distribution of banded drum, Larimus
fasciatus (A), southern kingfish, Menticirrhus
americanus (B), and Menticirrhus sp. (C) in Apr 1982.
Densities are as follows:
o =0; • > 0-10; •
> 10-50; • > 50-99; • > 99-250; Q > 250/100 m 3 of
water filtered from all plankton tow types.
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Length-frequency histograms by transect and month for
Atlantic croaker larvae.
Shown are transect A in Dec
and Jan and transect E in Feb.
Offshore stations are
at the top. N = total number caught and measured.
Station numbers are indicated.
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Figure 17.

Larval sciaenid transports (larvae/m*s x) across
transect A, Dec 1981 to Apr 1982.
Easterly transports
are positive values.
Transport rates were determined
from the observed larvae concentrations combined with
instantaneous current measurements. Note the
differences in scale between months.
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Larval sciaenid transports (larvae/m*s *) across
transect C, January to April 1982. Easterly
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Transport rates were
determined from the observed larvae concentrations
combined with the instantaneous current measurements.
Note the difference in scale between months.
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Larval sciaenid transports (larvae/m#s x) across
transect E, Jan to Mar 1982.
Easterly transports are
positive values.
Transport rates were determined from
the observed larvae concentrations combined with the
instantaneous current measurements.
Note the
difference in scale between months.
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The orthogonal polynomial components of the five
months Dec 1981 to Apr 1982.
The linear, quadratic
and cubic components appear as variables C1-C3 in the
canonical analysis and were used so that the time
variables would be uncorrelated and only load on the
canonical variates where there is truly a linear (Cl),
quadratic (C2), or cubic (C3) trend.
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from the factor loadings from the appropriate
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Figure 22.

Regression of larva total length (mm) on increment
number at time of capture of larval Atlantic croaker
collected in west Louisiana shelf waters.
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Regression of Log
larva total length (mm) on Log
10
otolith diameter (mm) from larval Atlantic croaker
collected in west Louisiana shelf waters.
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Figure 24.

Composite illustrations of sand seatrout, Cynoscion
arenarius, larvae morphological type I.
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Figure 25.

Composite illustrations of sand seatrout, Cynoscion
arenarius, larvae morphological type II.
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Figure 26.

Regression of Log^^ larva body depth (mm) on L°gjQ
larva total length (nun) of sand seatrout larvae.
The
results were obtained from an analysis of covariance.
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Figure 27.

Regression of larva total length (mm) on increment
number at time of capture of larval sand seatrout.
The results were obtained from an analysis of
covariance.
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Length-frequency data by month for sand seatrout,
Cynoscion arenarius, larvae morphological type II.
N = total number caught and measured.
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Length-frequency data by month for sand seatrout,
Cynoscion arenarius, larvae morphological type I.
N = total number caught and measured.
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Regression of
larva total length (mm) on Log
otolith diameter (mm) from larval sand seatrout.
Tne
results were obtained from an analysis of covariance.
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Regression of increment number on maximum saccular
otolith diameter (mm) from larval sand seatrout.
The
results were obtained from an analysis of covariance.
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Density-distribution of sand seatrout, Cynoscion
arenarius, larvae by month, Jan to Apr 1982. The
distributions are separated by morphological type.
The desities are as follows:
° =0;
• > 0-10; •
> 10-50; • > 50-99; • > 99-250; 9 > 250/100
m 3 of water filtered from all plankton tow types.
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Appendix I.

Regional data summary for several sciaenid species ordered by taxa, area and date.
Cynoscion arenarius

Location
LA
Lake Barataria
Mississippi River
Gulf outlet
Vermilion Bay
Delta Natlional
Wildlife Refuge
Vermilion Bay
Barataria Bay
Vermilion Bay
Barataria Bay
Chandeleur Islands
Caminada Pass
Timbalier Bay & offshore
Lake Pontchartrain
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TX
Arnasas Bay and
shallow Gulf
Baffin and Alazan Bays
Upper Laguna Hadre
Cedar Bayou
Lower Laguna Madre
East Bay and beaches
East Bay
Houston Ship Channel
Aransas Pass Inlet
Shallow Gulf off
Port Aransas
Aransas Pass Inlet
Port Aransas 3-16 fms
Port Isabel 3-16 fms
Galveston Bay
Galveston Bay

Years of
Study

Total
Number

Months of
Occurrence

1931-34

Present

All year

1959-61
1960-63

908
2,629

1963-65
1964-65
1966-68
1968-69
1969-72
1970-71
1971-72
1972-74
1978

Present
1,175
188
1,220
693
20
36
313
577

All year
Apr-Nov
Mar-Oct
Apr-Dee
All year
Jun-Sep

1941-42
1951-53
1951-55
1951-58
1953-59
1954
1955
1957-58
1963-64

2,500
Present
Present
3,000
Present
502
405
Present
Present

All year
Spring, Fall

1964
1964
1965
1965
1968-69
1968-69

386
499
454
224
1,267
2,032

Feb-Jul
Feb-Aug
Apr-Nov
Jun, Aug-Nov

Length Range
(mm)

Temp.
Range °C

Sal.
Range (ppt)

50-200

Comments

Mostly in Gulf waters in winter

Gunter, 1938

4th most abundant fish

Rounsefell, 1964
Norden, 1966

Two size classes noted

Kelley, 1965
Perret & Caillouet,, 1974
Fox & Mock, 1968
Dugas, 1970
Dunham, 1972
Laska, 1972
Sabins & Truesdale,, 1975
Perry, 1979
Thompson & Verret, 1980

Apr-Oct, Dec

31-308

11-34
22-31

0-25.5
20-30

20-345

12.3-35.2

1.3-32.6

18-377

13.7-36.7

15.0-25.0

More in lower bay
Peak in Jul

May-Feb

Not common
Not particularly common
Young appear in Jun
Not common in area, seldom in bay

All year
Jun-Jul
Jun
Apr-Nov
Apr-Dee

Mar-Jan

24-120

35-236
17-167
20-300
60-300

12.8-27.8

10-149

5-40

Citation

Most at 6 fms

Young appear in Jul

Gunter, 1945
Breuer, 1957
Simoons, 1957
Simmons & Hoese, 1959
Breuer, 1962
Reid, 1955
Reid, 1956
Chambers & Sparks, 1959
Copeland, 1965
Miller, 1965
Hoese et al., 1968
Compton, 1965
Compton, 1965
Galloway & Strawn, 1975
Galloway & Strawn, 1974

Appendix I. (cont'd)
Cynoscion arenarius

Location

Years of
Study

Total
Number

Months of
Occurrence

Length Range
(mm)

Temp.
Range °C

Sal.
Range (ppt)

Consents

Citation

AL
Alabama estuaries
Coastal Alabama

1968-69
1973-72

Present
6,680

Mar-Dee
All year

MS
Menhaden grounds
Shallow Gulf off Hiss
Mississippi Sound
Surf zone on Horn Island

1958
1967-69
1968-69
1975-77

83
2,668
9,585
3

Jun-Oct

FL
Cedar Key
Cedar Key
Alligator Harbor
Tampa Bay Area
Caloosahatchee Estuary
Everglades National Park
Pensacola Bay
St. Andrews Bay
Appalachicola Bay

1968
1950-51
1952
1957-58
1957-60
1963-65
1969-71
1972-73
1972-75

6
15
50
96
101
17
115
882
Present

GULF
White shrimp grounds-Gulf
Mississippi River to
Rio Grand-ll-si
Off Louisiana Coast
Northwestern Gulf

Apr-Oct
All year
Late spring,
summer

4.9*•28.1

71-453

10.8-29
5.0-34

16.6 ■39.8
0 •35.5

19-70

31-33
10.1-27

24-•27.7
17.5*•24.8

21.1-31

3.7-•29.8
.09*•23.0
16.4--35.7
2 . 6 *•23.0

Dec-Apr

Jun-Jul
Sep-Dee
Apr
Jun-Dee
All year

0 .2 -•30.0

20-209
16-174

31-209
30-305

19.5-26
21.7-31

Young first appeared in May
Young first appeared in Apr-May

Swingle, 1971
Swingle & Bland, 1974

Collected in purse seine
28.3% of total catch
Young in May, Jul-Oct

Christmas et al., 1960
Franks et al., 1972
Christmas, 1973
Modde & Ross, 1981

Not as common as C. nebulosus
Adults caught by angling
Preferred lower salinities
Young appeared in May
Most common in fall
8.7% of total catch

Kilby, 1955
Reid, 1954
Joseph, 1952
Springer & Woodburn, 1960
Gunter & Rail, 1965
Roessler, 1970
Tagatz & Vilkens, 1973
Ogren & Brusher, 1977

•
1951-52

7,300

1962-66
1969-72
1973-76

96
828
Present

196-300

54-374

Everywhere at all depths sampled

Hildebrand, 1954

Spawns early spring-later summer

Chittenden & Moore, 1977
Dunham, 1972
Chittenden & McEachran, 1976

Appendix I. (cont'd)
Cynoscion nebulosus

Location

LA
Barataria Bay
Vermilion Bay
Delta National
Wildlife Refuge
Vermilion Bay
Barataria Bay
Vermilion Bay
Chandeleur Islands
Caminda Pass
Timbalier Bay & offshore
Barataria Bay
Caminada Pass
Lake Ponthartrain

TX
Corpus Christi Bay
Aransas Bay and
Shallow Gulf
Cedar Bayou
Baffin and Alazan Bays
Upper Laguna Hadre
Lower Laguna Hadre
F.ast Bay
East Bay and
Gulf Beaches
East Bay
Houston Ship Channel
Hustang Island surf zone
Galveston Bay

Years of
Study

Total
Number

Months of
Occurrence

1931-34
1960-63

Present
239

All year
Mar-Jan

1963-65
1964-65
1966-68
1968-69
1970-71

41
3
22
1
133

1971-72
1972-74
1969-72
1971-72
1978

36
1
67
748
346

1929
1941-42
1950-51
1951-53
1951-55
1953-59
1954
1954
1955
1957-58
1960-61
1968-69

1
464
684
Present
Present
Present
5
6
1
1
32
3

Peak in winter
Jan-Feb

Length Range
(mm)

Temp.
Range

Sal.
Range (pp

Consents

Gunter, 1938
Norden, 1966

112-160

12-13

0-25
Mostly in upper bay

Jun-Jul,
Dec-Jan
Apr-Sep

May-Sep
All year

Jul
All
All
All
All

year
year
year
year

12-300
Post-larvae and juveniles
55-285
2-14

May-Aug

7.0-25.

2.0-26.7
Post-larvae, May-Sep

19-585
160-550

8.1-34.

Smallest fish Jun-Oct
Numbers vary throughout year
Young present Apr-May, Oct
Common throughout area

32-570

Kelley, 1965
Perret & Caillouet, 1974
Fox and Mock, 1968
Dugas, 1971
Laska, 1972
Sabins & Truesdale, 1974
Perry, 1979
Dunham, 1972
Sabins, 1973
Thompson & Verret, 1980

Fowler, 1931

57

Jun-Jul
Jun-Jul
Jun

Citation

Gunter, 1945
Simmons & Hoese, 1959
Breuer, 1957
SimonB, 1957
Breuer, 1962
Reid, 1955a
Reid, 1955b
Reid, 1956
Chambers & Sparks, 19S9
McFarland, 1963
Galloway and Strawn, 1975

Appendix I. (cont’d)
Cynoscion nebulosus

Location

Years of
Study

Total
Number

Months of
Occurrence

Length Range
(mm)

MS
Menhaden grounds
Mississippi Sound

1958
1968-69

7
117

Jun-Oct
All year

AL
Alabama estuaries
Coastal Alabama

1968-69
1970-72

17
7

Fall-Winter

60-210
77-199

FL
Cedar Key
Cedar Key
Alligator Harbor
Tampa Bay area
Caloosahatchee estuary
North Florida Bay
Everglades Natl. Park
Pensacola Bay
St. Andrews Bay

1948-49
1950-51
1952
1957-58
1957-60
1957-60
1963-65
1969-71
1972-73

Jun-Nov
All year
Jun-Sep
May-Jun
Jun-Oct
All year
All year

30-58
18-130
30-137
11-173
23-198

GULF
Off the Louisiana coast

1969-72

6
120
34
322
26
Present
327
42
472

16-310

Temp.
Range °C

Sal.
Range (ppt)

5.0-34.9

2.0-35.5

0.2-29.9
1.2-25.6

25-34.5
11.8-29.8

24.7-31.1
17.5-31.5

14.0-33.0

7.2-35.1

16.7-31.1

16.9-44.1

Comments

Collected by purse seine

Christmas et al., 1960
Christmas, 1973

Most abundant in Mobile Bay
Juveniles uncommon in bay

Swingle, 1970
Swingle & Bland, 1974

Youngest Apr-Jan, all were juvs.
Adults taken only in Sep
All were juveniles
Abundant throughout area
Most in the summer

28-330
Most in fall

All year

Citation

Kilby, 1955
Reid, 1954
Joseph, 1952
Springer & Woodburn, 1960
Gunter & Hall, 1965
Tabb & Manning, 1961
Roessler, 1970
Tagatz & Wilkens, 1973
Ogren 6 Brusher, 1977

Dunham, 1972

93

Cynoscion nothus
LA
Barataria Bay and
adjacent waters
Vermillion Bay
Barataria Bay
Timbalier Bay and
offshore
TX
Corpus Christi Bay
Aransas Bay and
shallow Gulf

1931-34
1960-63
1969-72

Present
12
139

1972-74

1

1929

2

1941-42

1,949

All year
Oct
75-185

Jul

110-137

All year

46-238

19.7-29.5

Almost solely in Gulf waters

Gunter, 1938
Norden, 1966
Dunham, 1972

Offshore

Perry, 1979

13.9-26.0

Fowler, 1931
13.7-29.9

18.2-36.7

Prefer waters of higher salinity

Gunter, 1945
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Appendix I. (cont’d)
Cynoscion nothus

Location
Mustang Island
Lower Laguna Madre
Aransas Pass Inlet
Shallow Gulf off Port
Aransas
Galveston 3-8 fns
Port Aransas 3-16 fns
Port Isabel

Years of
Study

Total
Number

Months of
Occurrence

1947-49
1953-59
1964

159
Present
154

Apr-Aug
Feb-Apr

47-132

2,242
580
1,918
948

Feb-Jun
Jan
Mar-Oct, Jan
All year

52-194
80-110
25-250
40-200

12.8-27.8

Jun-Oct
All year
Apr-Nov

70-380
22-224

14.3-29.0
10-34.9

33-75

5.0-29.9

1964
1965
1965
1965

MS
Menhaden grounds
Shallow Gulf off Miss.
Mississippi Sound

1958
1967-69
1968-69

12
104
120

AL
Alabama estuaries

1968-69

34

1951-52

8,500

1962-64

9

GULF
White shrimp groundsMiss. R.-Mexico
Miss. R.-Rio Grande,
110m contour
Northwestern Gulf

Length Range
(mm)

Temp.
Range °C

Sal.
Range (ppt)

Comments

Not cosnon, seldom in bays

Feb,May-Jun,
Sep-Dee

60-219

Gunter, 1959
Breuer, 1962
Hoese et al., 1968

second most abundant species

Miller, 1965
Compton, 1965
Compton, 1965
Compton, 1965

collected in a purse seine
occasionally taken with C. arenarius
enter in the warmer months

Christmas et al., 1960
Franks et al., 1972
Christmas, 1973

immigration of young in Sep

Swingle, 1971

more abundant offshore

Hildebrand, 1954

Mainly from 6-12 ftms

21.6-38.6
10-35.5

Citation

Chittenden & Moore,1977

1973-74

spawns late spring early fall

50-230

Chittenden & McEachran,
1976

Larimus fasciatus
LA
Barataria Bay and
adjacent waters
Vermilion Bay
Barataria Bay
Barataria Bay
Chandeleur Islands
Caminada Pass

1931-34
1960-63
1966-68
1969-72
1970-71
1971-72

Present
2
121
52
136
22

May-Oct

Gunter, 1938

120-140

Oct
Jun-Dec
Jul,Nov

mostly in lower Bay
25-135
22-63

17.0-29.9

12.8-28.1
post-larvae

Norden, 1966
Fox & Mock, 1968
Dunham, 1972
Laska, 1972
Sabins & Truesdale, 1974
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Appendix I. (cont'd)
Larimus fasciatus

Location
TX
Aransas Bay and shallow
Gulf
Houston Ship Channel
East Bay
Shallow Gulf off Port
Aransas
Aransas Pass Inlet
Galveston 3-8 fms
Port Aransas 3-16 fais
Port Isabel 3-16 fms

Years of
Study

Total
Number

Months of
Occurrence

Length Range

34-90

(hid)

1941-42

4

Mar,May

1957-58
1955
1964

2
3
43

Aug
Jun
Feb-Jul

1964
1965
1965
1965

Nov
181
116
Jan
60-130
128 Hay-Aug,Jan-Mar 50-150
Jun-Aug,Nov 100-160
123

31-128

AL
Alabama estuaries

1968-69

15

Apr-Aug,Oct

25-119

MS
Shallow Gulf off Miss.
Mississippi Sound
Surf zone on Horn Island

1967-69
1968-69
1975-77

69
117
18

All year
Apr-Nov

94-202
21-189

1950-51

884

1969-72

9

GULF
White shrimp groundsMiss R-Mexico
Off Louisiana coast

40-208

Temp.
Range °C

15.4-23.5

Sal.
Range (ppt)

Comments

Gunter, 1945

26.7-35.2

most less than 9 fos

12.6-27.8

All captured during the day

all above 20

14.5-28.9
10-34.9

26.6-38.7
20-35.5

Citation

Chambers & Sparks, 1959
Reid, 1956
Miller, 1965
Hoese et
Compton,
Compton,
Compton,

al., 1968
1965
1965
1965

Swingle, 1971

majority taken at 20-30 fns
unevenly distributed in sound

Franks et al., 1972
Christmas, 1973
Modde & Ross, 1981

taken from 3-42 fas

Hildebrand, 1954
Dunham, 1972

Leiostomus xanthurus
LA
Cameron
Barataria Bay & adjacent
waters
Miss River Gulf Outlet
Delta Natl. Wildl. Refuge

1906
1931-34
1959-61
1963-65

15
Present
6,514
88

All year
All year

inmature specimens

Weyaouth, 1911

most abundant fish

Gunter, 1938
Rounsefell, 1964
Kelley, 1965

25-160

159

Appendix I. (cont'd)
Leiostomus xanthurus

Location
Vermilion Bay
Vermilion Bay
Barataria Bay
Vermilion Bay
Harsh Island
Barataria Bay
Chandeleur Islands
Caminada Pass
Caminada Pass
Timbalier Bay & offshore
Lake Pontchartrain
TX
Corpus Christi Bay
Aransas Bay & shallow Gulf
Baffin and Alazan Bays
Upper Laguna Hadre
Lower Laguna Hadre
East Bay
East Bay and Gulf beaches
East Bay
Houston Ship Channel
Hustang Island surf zone
Aransas Pass Inlet
Shallow Gulf off Port
Aransas
Aransas Pass Inlet
Port Aransas 3-16 ftms
Port Isabel 3-16 ftms
Galveston Bay
Galveston Bay

Years of
Study

Total
Number

Months of
Occurrence

1960-63
1964-65
1966-68
1968-69
1968
1969-72
1970-71
1971-72
1971-72
1972-74
1978

2,190
521
121
132
757
10,115
5,559
45,707
45,707
259
2,058

Nov-Aug
All year
Feb,Apr-Oct
Winter

1929
1941-42
1951-53
1951-55
1953-59
1954
1954
1955
1957-58
1960-61
1963-64
1964 •

2
1,264
Present
Present
Present
5
5,359
1,403
2,330
273
Present
192

Jul
All year
Wanner months

1964
1965
1965
1968-69
1968-69

Length Range
(ran)

63-188

Temp.
Range °C

Sal.
Range (ppt)

10-34

Comments

1.0-25.0
mostly in lower bay
found in weired non-vegetated areas

All year
All year
Nov-Har
Hay-Dee

40-175
15-209

7.0-31.0

2.9-30.6
most abundant sciaenid
post larvae and Juveniles
post larvae Dec-Apr

4-85

Har-Dec

93-100
25-282

8.1-32.0

2.0-36.7

25-200
Jun-Jul
Jun-Jul
Jun
Feb-Oct
Hay-Aug,Har
All year
Hay-Jul

568
Apr-Oct
640 Hay-Jul,Sep-Feb
Hay,Aug-Nov
30
1,032
All year
Feb-Dee
5,146

most taken at 6 fms

Young appear in Feb-Mar

Hoese et
Compton,
Compton,
Galloway
Galloway

2nd most abundant fish in trawls

16-100

young appear in Feb-Apr

14.7-27.8

47-117
100-230
120-150
10-129

up to 40 ppt

Norden, 1966
Perret & Caillouet, 1974
Fox & Mock, 1966
Dugas, 1971
Weaver & Holloway, 1974
Dunham, 1972
Laska, 1972
Sabins & Truesdale, 1974
Sabins, 1973
Perry, 1979
Thompson & Verret, 1980

Fowler, 1931
Gunter, 1945
Breuer, 1957
Simeons, 1957
Breuer, 1962
Reid, 1955a
Reid, 1955b
Reid, 1956
Chambers & Sparks, 1960
McFarland, 1963
Copeland, 1965
Miller, 1965

most abundant over 15 ppt
not coranon
young appear in Dec
found throughout but in low numbers

30-197

70-128

Citation

al., 1968
1965
1965
fit Strawn, 1975
& Strawn, 1974

Appendix I. (cont'd)
Leiostomus xantburus
Years of
Study

Total
Number

Months of
Occurrence

HS
Menhaden grounds
Shallow Gulf off Miss.
Mississippi Sound
Surf zone on Horn Island

1958
1967-69
1968-69
1975-77

203
6,457
13,938
2,226

Jun-Oct
All year
All year
Winter

AL
Alabama estuaries
Coastal Alabama

1968-69
1970-72

30,487
9,548

All year
All year

Location

FL
Cedar Key
Cedar Key
Alligator Harbor
Tampa Bay area
Caloosahatchee estuary
Northern Florida Bay
Pensacola Bay
St. Andrews Bay
Apalachicola Bay
GULF
White shrimp gounds
Miss. R.-Mexico
Hiss. R.-Rio Grand,
110 m-contour
Off the Louisiana coast

1948
1950-51
1952
1957-58
1957-60
1957-60
1969-71
1972-73
1972-75

Jan-Jun
889
355 Jan-May, Sep
174
All year
7,067
All year
730
All year
20
1,922
All year
19,778
All year
Present Winter-Spring

1950-51

1,140

1962-64
1969-72

5
Present

Length Range
(mm)

Sal.
Range (ppt)

14.1-29.5 24.9-38.7
above 5.0
0-35.5

10-229
14-224

15-96
16-127
19-182
10-120.9
16-230
7-234

130-210

All year

Temp.
Range °C

0-30.0
0-28.5

x = 18.3

15-20
x = 26.4

10.8-32.5

5.0-34.2
6.6-33.7

5.2-31.7

0-29.5

Consents

Citation

Collected in a purse seine
Preference for temps btw 19-21.9°C
Young under 20 rib in Jan-Apr

Christmas et al., 1960
Franks et al., 1972
Christmas, 1973
Modde & Ross, 1981

Young enter Jan-Apr
Preferred salinities between
15.0-19.9 ppt

Swingle, 1971

Smallest fish in Jan-May
Smallest fish in Jan-May
Smallest taken in May
Appeared following cold winter
Young appear in Dec-Jan
Most in spring & summer
5.4% of total catch

Swingle & Bland, 1974

Kilby, 1955
Reid, 1954
Joseph, 1952
Springer & Woodburn, 1960
Gunter S. Hall, 1965
Tabb & Manning, 1961
Tagatz & Wilkens, 1973
Ogren & Brusher, 1977
Livingston, 1976

Hildebrand, 1954
Chittenden & Moore, 1977
Dunham, 1972

Appendix I. (cont'd)
Henticirrhus sp.

Location
LA
Cameron
Barataria Bay and
adjacent waters
Vermilion Bay
Delta Natl. Wildl. Refuge
Vermilion Bay
Barataria Bay
Barataria Bay
Chandeleur Islands
Caminada Pass
Caminada Pass
Timbalier Bay and
offshore

TX
Aransas Bay and
shallow Gulf
Hustang Island
Upper Laguna Hadre
Lower Laguna Hadre
East Bay
Hustang Island surf zone

Years of
Study

1906
1931-34
1960-63
1963-65
1964-65
1966-68
1969-72
1970-71
1971-72
1971-72
1972-74

1941-42
1947-49
1951-55
1953-59
1955
1960-61

Total
Number

Honths of
Occurrence

Length Range
(mm)

Temp
Range °C

Sal
Range (ppt)

Comments

Weymouth, 1911

3
Present
79
4
15
230
180
1,300
303
273

All year
Jun-Aug
Summer
Sep-Dee
Har-Oct
Jul-Nov
Apr-Sep
Jun-Nov

MoBt occurred in the Gulf

17-228

12-30

1.9
6.3-25.0

25-295
21-200+

11.7-30.1

4.0-29.8

Host in lower bay

Post-larvae and juveniles
4.5-28

Gunter, 1938
Norden, 1966
Kelley, 1965
Perret & Caillouet, 1974
Fox & Hock, 1968
Dunham, 1972
Laska, 1972
Sabins & Truesdale, 1974
Sabins, 1973
Perry, 1979

9

326
194
Present
Present
11
2,691

Citation

All year
Apr-Dee

24-318

13.7-30.5

14.4-36.7

Host over 30 ppt
Never abundant
Coranon off Padre Island

Har-Aug

Gunter, 1945
Gunter, 1959
Sianons, 1957
Breuer, 1962
Reid, 1956
HcFarland, 1963
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Appendix I. (cont'd)
Henticirrhus sp.
Total
Number

Months of
Occurrence

1965
1965
1965

51
91
137

Jan
All year
Aug-Dee, Feb-Jan

1964
1968-69

74
434

Feb-May

1958
1967-69

29
139

1968-69
1975-77

313
1,802

Jun-Oct
All year except
Jul, Oct
Feb-Dee
spring-slimmer

AL
Alabama estuaries

1968-69

91

FL
Cedar Key
Alligator Harbor
Tampa Bay area
Caloosahatchee estuary
St. Andrews Bay

1950-51
1952
1957-58
1957-60
1972-73

12
13
1,128
246
157

1950-51

2,380

1962-64

5

1969-72

36

Location
Port Isabel 3-8 fms
Port Aransas 3-16 fms
Port Isabel 3-16 fms
Shallow Gulf off
Port Aransas
Galveston Bay
MS
Menhaden grounds
Shallow Gulf off
Mississippi
Mississippi Sound
Surf zone on Horn Island

GULF
White shrimp grounds
Miss R.-Mexico
Miss R. to Rio Grande.
110 m-contour
Off the Louisiana coast

Years of
Study

Length Range
(mm)

Temp.
Range °(

Sal.
Range (ppt)

Consents

Citation
Compton, 1965
Compton, 1965
Compton, 1965

150-200
80-250
100-250

Miller, 1965
Galloway & Strawn, 1975

51-256

12.8-25.5

95-330

14.1-28.9

24.6-37.4

collected with a purse seine
prefers waters from 23.0-28.9 ppt

Christmas et al., 1960
Franks et al., 1972

17-255

10.0-34.9

5.0-35.5

most in moderate salinities

Christmas, 1972
Modde & Ross, 1981

All above
10 ppt

young first appeared in Aug

Swingle, 1971

most in fall and winter

Reid, 1954
Joseph, 1952
Springer & Woodbum, 1960
Gunter & Hall, 1965
Ogren & Brusher, 1977

taken everywhere and at all depths

Hildebrand, 1954

Aug-Feb

32-245

Sep-Dee
Sep
All year
All year
All year

36-162
39-245
9-149
17-310

216-320

15.5-27.1

17.5-25.5

13.5-35.1

21.0-35.1
17.6-37.5

Chittenden & Moore, 1977
Dunham, 1972

Micropogonias undulatus
LA
Cameron
Barataria Bay and
adjacent waters

1906
1931-34

present
present

All year

many immature specimens
most abundant fish in trawl
collections in LA.

Weymouth, 1911
Gunter, 1938

Lo

Appendix I. (cont'd)
Hicropogonias undulatus

Location
LA
Miss River Gulf Outlet
Vermilion Bay
Delta Natl. Wildl. Refuge
Vemilion Bay
Barataria Bay
Marsh Island
Vemilion Bay
Barataria Bay
Chandeleur Islands
Caminada Pass
Caminada Pass
Timbalier Bay and offshore
Lake Pontchartrain
TX
Corpus Christi Bay
Aransas Bay & shallow Gulf
Mustang Island
Cedar Bayou
Baffin and Alazan Bays
Upper Laguna Madre
Lower Laguna Madre
East Bay
East Bay and Gulf beaches
East Bay
Houston Ship Channel
Mustang Island surf zone
Aransas Pass Inlet
Shallow Gulf off Port
Aransas

Tears of
Study

Total
Number

1959-61
1960-63
1963-65
1964-65
1966-68
1968
1968-69
1969-72
1970-71
1971-72
1971-72
1972-74
1978

4,101
17,043
present
4,465
1,255
6,630
4,955
28*579
34
2,603
2,603
1,881
12,181

Months of
Occurrence

2,372

Temp.
Range °C

Sal.
Range (ppt)

Comments

second most abundant fish
All
All
All
All

year
year
year
year

All year
All year
July-Dee
Apr-Oct

17-128

9-24
6.0-30.0

0-25
1-7-30.6

35-225
15-250
5-145

5.5-35.2

0.4-33.9

Feb-Oct

108, 114
14-370
10-225

most abundant sciaenid
most abundant fish
sore in lower bay
preferred un-weired areas
many young individuals

post larvae from Oct-Apr
peak occurrence in Sep-Mar
most abundant fish offshore
2nd most abundant fish

All year

Jul
1929
2
1941-42 15,857
All year
Apr-Aug, Dec
1947-49
240
May-Nov
1950-51 198,352
present
1951-53
present
1951-55
present
1953-59
Dec-Oct
1954
Jun-Jul
145
1954
Jun-Jui
11,363
Jun
2,047
1955
3,960
Feb-Oct
1958-59
1960-61
12
May, Jul, Mar
1963-64
present
All year
1964

Length Range
(mm)

9.1-32.0

2.0-36.7

scarce in late fall and winter
young appear in Oct-Nov
fairly common
tolerated hyper-salinity to 70 ppt
very common
aost abundant fish in trawls

11-200

17-152

most abundant sciaenid

Citation

Rounsefell, 1964
Norden, 1966
Kelley, 1965
Perret & Caillouet, 1974
Fox & Mock, 1968
Weaver & Holloway, 1974
Dugas, 1971
Dunham, 1972
Laska, 1972
Sabins, 1973
Sabins & Truesdale, 1974
Perry, 1979
Thompson & Verret, 1980

Fowler, 1931
Gunter, 1945
Gunter, 1959
Simmons & Hoese, 1959
Breuer, 1957
Simmons, 1957
Breuer, 1962
Reid, 1955a
Reid, 1955b
Reid, 1956
Chambers & Sparks, 1960
McFarland, 1963
Copeland, 1965
Hoese et al., 1968

Appendix I. (cont'd)
Micropogonias undulatus

Location
Aransas Pass Inlet
Galveston 3-8 fas
Port Aransas 3-16 fms
Port Isabel 3-16 fms
Galveston Bay
Galveston Bay

Tears of
Study

Total
Number

Months of
Occurrence

Length Range
(mm)
17-152
20-80
40-250
30-200

1964
1965
1965
1965
1968-69
1968-69

803
4,561
2,176
1,167
39,134
64,859

Feb-Oct
Jan
Feb-Nov
Feb-Nov
All year
All year

Temp.
Range °C

Sal.
Range (ppt)

most abundant sciaenid
most cooson in Jul
most abundant fish
most abundant fish
young appear Nov-Mar

10-144

MS
Menhaden grounds
Shallow Gulf off
Mississippi
Mississippi Sound
Surf zone on Horn Island

1958
1967-68

342
32,663

Jun-Oct
All year

100-327

13.0-29.5

16.6-39.8

1968-69
1975-77

40,594
3

All year

7-402

5.0-34.9

0.3-19.9

AL
Alabama estuaries
Coastal Alabama

1968-69
1970-72

33,253
19,130

All year
All year

12-237
14-259

0-30.0
0-29.1

FL
Alligator Harbor
Caloosahatchee estuary
North Florida Bay
Tampa Bay area
Everglades Natl. Park
Pensacola Bay
St. Andrews Bay

1952
1957-60
1957-60
1957-58
1963-65
1969-71
1972-73

12
262
3
264
1
618
31,210

Sep
Jan-Jun
Mar-Apr
Apr-Jul
fall
All year
All year

80-245
12-146

0.18-28.4

Apalachicola Bay

1972-75

GULF
White shrimp grounds
Miss. R-Mexico
Miss. R-Rio Grande,110 m
contour
Gulf Coast off Louisiana
Northwestern Gulf

present

1950-51

69,000

1962-64

18

1969-72
1973-74

28,983
present

7-238

26.0-31.5
28.9
5.1-31.7

130-210

as high as
40°C

5.0-29.8
29.8
0-27.9

Citation
Hoese et
Compton,
Compton,
Compton,
Galloway
Galloway

al.,1968
1965
1965
1965
& Strawn,1975
8 Strawn,1974

collected with a purse seine
most abundant species, 34.91%
of total catch
young most abundant in April

Christmas et al.,1960
Franks et al.,1972

smallest from Dec-Mar
2nd most abundant fish, most
below 10 ppt

Swingle, 1971
Swingle & Bland,1974

rare
18.5-102.6

Late winter'
spring

All year

Comments

young appear in Jan
most in susmer, 2nd most
abundant fish
26.0% of total catch

taken everywhere and at all
depths

Christmas, 1973
Modde & Ross, 1981

Joseph, 1952
Gunter & Hall, 1965
Tabb & Manning, 1961
Springer & Woodburn, 1960
Roessler, 1970
Tagatz & Wilkens,1973
Ogren & Brusher, 1977
Livingston, 1976

Hildebrand, 1954
Chittenden & Moore, 1977

All year
79-270

most abuadant commercial fish
most abundant fish on the white
shrimp grounds

Dunham, 1972
Chittenden & McEachran,
1976
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Appendix I. (cont'd)
Pogonias croais

Location

Years of
Study

LA
Vermilion Bay
Vermilion Bay
Barataria Bay
Marsh Island
Barataria Bay
Chandeleur Islands
Caminada Pass
Lake Pontchartrain

1960-63
1964-65
1966-68
1968
1969-72
1970-71
1971-72
1978

Total
Number

Months of
Occurrence

19
6
37
5
1
10
33
111

All year
Jun-Sep

TX
Aransas Bay St shallow Gulf 1941-42
Cedar Bayou
1950-51
Baffin and Alazan Bays
1951-53

174
42
present

Oct-Feb

Upper Laguna Madre
Lower Laguna Madre
East Bay
East Bay & Gulf beaches
East Bay
Houston Ship Channel
Mustang Island surf zone
Galveston Bay

present
present
71
73
7
present
79
11

All year

MS
Shallow Gulf off
Mississippi
Mississippi Sound

1951-55
1953-59
1954
1954
1955
1957-58
1960-61
1968-69

Length Range
(mm)

128-260

Temp.
Range °C

11-34

Sal.
Range (ppt)

Consents

2.8-17.5
most in upper bay
preferred un-weired areas

Jun-Jan

185
31-410

26.0

17.1
post-larvae

All year

81-430

14.9-30.7

2.6-34.9

mostly fall-winter, most abundant
food fish
spawning peaked in Feb-Mar
very common throughout

All year

Jun-Jul
Jun-Jul

180-332
small but consistent numbers

Nov-Apr
Mar-Aug

1967-69

7

Nov, Jan, Mar

1968-69

2

Apr, Jun

AL
Coastal Alabama

1970-72

2

FL
Cedar Key

1948

9

55-662

14.2-17.0

29.9-37.4

250, 289

24.1-29.5

11.2-18.9

12.9

193, 203

May-Jun

most abundant btw 10-15 ppt

17-83

32-34.5

20.6-26.1

Citation

Norden, 1966
Perret & Caillouet, 1974
Fox & Mock, 1968
Weaver & Holloway, 1974
Dunham, 1972
Laska, 1972
Sabins & Truesdale, 1974
Thompson & Verret, 1980

Gunter, 1945
Simmons & Hoese, 1959
Breuer, 1957
Simmons, 1957
Breuer, 1962
Reid, 1955a
Reid, 1955b
Reid, 1956
Chambers & Sparks, 1960
McFarland, 1963
Galloway & Strawn, 1975

Franks et al., 1972
adults are coimBon

Christmas, 1973

Swingle & Bland, 1974

Kilby, 1955
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Appendix I. (cont'd)
Pogonias cromis
Years of
Study

Total
Number

Alligator Harbor
Tampa Bay area
Caloosahatchee estuary
North Florida Bay
Everglades Natl. Park

3952
1957-58
1957-60
1957-60
1963-65

1
Jul
3
Mar, Jul
1
Jun
present
All year
3
winter-spring

GULF
Off the Louisiana coast

1969-72

Location

Months of
Occurrence

Length Range
(ran)

Temp.
Range °C

121
143, 593
147

17.4-31.5

15.8-26.1

29.7-33.1

Sal.
Range (ppt)

Comments

16.1-32.3
22.5
comnon over mud-bottoms

Citation
Joseph, 1952
Springer & Woodburn, 1960
Gunter & Hall, 1965
Tabb & Manning, 1961
Roessler, 1970

Dunham, 1972

48

Sciaenops ocellatus
LA
Vermilion Bay
Barataria Bay
HarEh Island
Chandeleur Islands
Caminada Pass
Caminada Pass
Lake Pontehartrain

1960-63
1966-68
1968
1970-71
1971-72
1971-72
1978

10
17
1
31
269
269
28

TX
Corpus Christi Bay
Aransas Bay 6 shallow Gulf
Hustang Island
Cedar Bayou
Baffin & Alazan Bays
Upper Laguna Hadre
Lower Laguna Hadre
East Bay
East Bay & Gulf beaches
East Bay
Houston Ship Channel
Hustang Island surf zone
Galveston Bay

1929
1941-42
1947-49
1950-51
1951-53
1951-55
1953-59
1954
1954
1955
1957-58
1960-61
1968-69

1
357
45
134
present
present
present
7
9
6
4
3
12

Har-Jul, Dec
most in upper bay
All year
Sep-Nov
Aug-Nov
All year

Jul
All year
Apr-Aug
Apr
All year

Jun-Jul
Jun-Jul
Jun
Jul-Aug

235-800
4-12
post-larvae

30-740

2.1-32.4

most below 15 ppt

400-750
common
sensitive to high salinities
common
169-838

Norden, 1966
Fox & Mock, 1968
Weaver & Hollavay, 1974
Laska, 1972
Sabins, 1973
Sabins & Truesdale, 1974
Thompson & Verret, 1980

Fowler, 1931
Gunter, 1945
Gunter, 1959
Simoons & Hoese, 1959
Breuer, 1952
Simoons, 1957
Breuer, 1962
Reid, 1955a
Reid, 1955b
Reid, 1956
Chambers & Sparks, 1959
McFarland, 1963
Galloway & Strawn, 1974
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Appendix I. (Cont *d)
Sciaenops ocellatus
Tears of
Study

Total
Number

MS
Hississippi Sound

1968-69

10

Nov-Feb

45-78

AL
Alabama estuaries

1968-69

5

Hay

207-272

FL
Cedar Key
Alligator Harbor
Tampa Bay area
Caloosabatchee estuary
Horth Florida Bay
Everglades Natl. Park
Pensacola Bay

1948
1952
1957-58
1957-60
1957-60
1963-65
1969-71

140
14
82
213
present
106
7

Location

Months of
Occurrence

Oct-Mar
Mar, Jul
Jun-Oct
Dec-May
All year
Fall-spring
Apr-May, Oct

Length Range
(mm)

Temp.
Range °C

Sal.
Range (ppt)

gear did not adequately sample this
species

10-19.9

Citation

Christmas, 1973

Swingle, 1971

most between 25-30 ppt

12-146

0.8-37.6

20-126

10.0-27.5

5.0-34.5
0.4-32.4

16.1-26.7
20.2-29.5

18.3-33.6
4.1-20.6

54-140

Consents

preferred lower salinities
common in all areas
mostly in the winter

Kilby, 1955
Joseph, 1952
Springer & Woodburn, 1960
Gunter & Hall, 1965
Tabb & Hanning, 1961
Roessler, 1970
Tagatz & Wilkens, 1973

Appendix II. Pertinent Gulf and East coast studies on sciaenids ordered by species and
Cynoscion arenarius.

Author(s)

Year(s) of
Study

Jannke, 1971

1966-1967

abundance, seasonality, vertical
distribution

Everglades, FL

Northern Gulf species excepting Cynoscion
nothus, Larimus fasciatus

Moffet et al.,1979

1966-1968

spawning, feeding, length-weigbt
relationships

Texas

none

Daniels, 1977

1971-1972

description and distribution
of larvae, comparison

Louisiana

Cynoscion nebulosus

protein taxonomy

Gulf & East
coasts

Cynoscion nebulosus, Cynoscion nothus

Adkins et al., 1979 1976-1977

spawning, feeding, lengthweight relationships

Texas

none

Shlossman, 1980

1977-1979

growth and age determination,
max size, life span

Texas

none

Shlossman and
Chittenden, 1981

1977-1979

maturation, spawning periodicity,
nurseries

Texas

none

Barger and
Williams, 1980

1978-1979

age and growth, age determination
techniques

Gulf coast

Cynoscion nothus, Leiostomus xanthurus

evaluation of marks on hard
parts, age

Gulf coast

Micropogonias undulatus, Cynoscion nothus, Leiostomus
xanthurus

life history, requirements,
reproduction, man use

Miss, sound, MS

Cynoscion nebulosus, Leiostomus xanthurus, Micropogonias
undulatus, Henticirrhus sp., Pogonias cromis, Sciaenops
ocellatus

Weinstein and
Yerger, 1976a

Barger and
Johnson, 1980
Benson, 1982 (ed.)

1974

1979

1977-1980

Key words, information

Other species in study

Area

Appendix II. (cont'd)
Cynoscion nothus

Author(s)

Years(s) of
Study

Key words, information

Area

Other species in study

Weinstein and
Yerger, 1976a

1974

protein taxonomy

Gulf & East
coasts

Cynoscion nebulosus, Cynoscion arenarius

Stender, 1980

1978

description, distribution,
early life history stages

East coast

Cynoscion nebulosus

Williams et al., 1980

1978

life history, Texas waters

Gulf coast

Cynoscion nebulosus, Sciaenops ocellatus

age and growth, age determin
ation techniques

Gulf coast

Cynoscion arenarius, Leiostomus xanthurus

evaluation of marks on hard
parts, age

Gulf coast

Micropogniaa undulatus, Cynoscion arenarius,
Leiostomus xanthurus

Barger and
Williams, 1980
Barger and
Johnson, 1980

1978-1979

1979
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Appendix II. (cont'd)
Cynoscion nebulosus

Author(s)

Year(s) of
Study

Tabb, 1961

1952-1955

age and growth, reproduction,
food

Florida

none

Klima and Tabb,
1959

1952-1957

commercial fishery, landings,
age and growth, spawning

NW Florida

none

Iverson and
Tabb, 1962

1955-1960

subpopulations based on growth
and tagging

Florida

none

Key words, information

Area

Other species in study

Sundarjaraj and
Suttkus, 1962

1955

fecundity, age, gonad weights,
spawning

Louisiana

none

Darnell, 1958

1956

food habits, preference for
grass beds

Louisiana

none

fish production and biomass,
photosynthesis

Texas

Leiostomus xanthurus, Pogonias cromis, Sciaenops
ocellatus, Micropogonias undulatus

differences in estuarine ecology
affecting populations

Florida

none

movements and growth, commercial
fishery

Florida

none

Hellier, 1962

Tabb, 1958

Moffet, 1961

1958-1959

1958

1958-1960

Lorio and
Schafer, 1966

1961

food habits in Biloxi Harsh
area

Louisiana

none

Higman, 1967

1962

catch rates and environmental
conditions

Everglades,

Sciaenops ocellatus

Appendix II. (cont'd)
Cynoscion nebulosus

Author(s)

Tabb, 1966

Year(s) of
Study

1965

Key words, information

Area

Other species in study

estuary as habitat, nursery,
spawning

Florida

none

Jannke,' 1971

1966-1967

abundance, seasonality, vertical
distribution

Everglades, Ft

Norther Gulf species excepting
Cynoscion nothus, Larimus fasciatus

Carr and Adams,
1973

1970-1971

food habits analysis using
stomach contents

Florida

none

Daniels, 1977

1971-1972

description and distribution of
larvae, comparison

Louisiana

Cynoscion arenarius

Weinstein and
Yerger, 1976a

1974

protein taxonomy

Gulf & East
coasts

Cynoscion arenarius, Cynoscion nothus

Weinstein and
Yerger, 1976b

1974

electrophoretic investigation,
subpopulations

Gulf & East
coasts

none

Arnold et al.,
1976

1975

methods for spawning and rearing
larvae

Wakeman and
Wohlschlag, 1977

1976

swimming stress, max speeds 1045 ppt

Texas

none

none

Adkins et al.,
1979

1976-1977

distribution, abundance, size
ranges, seasonality

Louisiana

Northern Gulf species excepting
Larimus fasciatus, Cynoscion nothus

Hein and
Shepard, 1979

1976-1978

biomodal spawning,
maturation

Louisiana

none

Arnold, 1982

1976-1981

life history, fecundity, water
quality

Louisiana

none

Appendix II. (cont'd)
Cynoscion nebulosus

Author(s)

Year(s) of
Study

Key words, information

Area

Other species in study

description of reared eggs and
young larvae

Texas

none

Perret et al., 1980 1977-1978

fishey profiles, life history,
age and growth

Gulf coast

Sciaenops ocellatus

Benson, 1982 (ed.)

life history requirements,
reproduction, man-use

Miss, sound,

Leiostomus xanthurus, Henticirrhus americanus,
Micropogonias undulatus, Pogonias cromis

Fable et al.,
1978

1976

1977-1980

Johnson et al., 1979

1978

use of larvae as bioassay
subjects

Gulf

none

Stender, 1980

1978

description, distribution of
early life history stages

East coast

Cynoscion nothus

Williams et al.,
1980

1978

use of hardparts for aging,
distribution and biology

Gulf coast

Sciaenops ocellatus,
Cynoscion nothus

Lassuy, 1982

1980

life histories and environmental requirements

Gulf coast

none

Overstreet, 1983

1982

length-weight relationships,
growth, general biology

Miss, coast

none

Mercer, 1984

1984

biological and fisheries
profile

Lit. review

none
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Appendix II. (cont'd)
Leiostomus xanthurus

Author(s)

Suttkus, 1955a

Year(s) of
Study

1953

Key words, information

Area

Other species in study

seasonal movements, age
and growth

Louisiana

none

Hellier, 1962

1959-1959

fish production and biomass,
photosynthesis

Texas

Pogonias cromis, Micropogonias undulatus, Sciaenops
ocellatus

Nelson, 1967

1963-1964

biology, spawning distribution
and abundance

Alabama

Micropogonias undulatus

Jannke, 1971

1966-1967

abundance, seasonality,
vertical distribution

Everglades,

Northern Gulf species excepting
Cynoscion nothus, Larimus fasciatus

Parker, 1971

1963-1965

seasonal abundance, spawning,
length-weight

Louisiana

Micropogonias undulatus

Kielson and
Johnson, 1976

1975

feeding, evacuation rates,
periodicity, daily rates

East coast

none

Fruge and
Truesdale, 1978

1976

larval development, comparason
W/ M. undulatus

Louisiana

Micropogonias undulatus

Louisiana

Northern Gulf species excepting
Larimus fasciatus

Adkins et al.,
1979

1976-1977

distribution, abundance, size
ranges, seasonality

Rogers, 1979

1977-1979

spatial and temporal distribution, Louisiana
estuary as nursery

Micropogonias undulatus

internal development, functional
morphology

none

Govoni, 1980

1976

East coast

Appendix II. (cont'd)
Leiostomus xanthurus

Author(s)

Barger and
Williams, 1980

Year(s) of
Study

1978-1979

Key words, information

Area

age and growth, age deter
mination techniques

Gulf coast

Cynoscion arenarius, Cynoscion nothus

Micropogonias undulatus, Cynoscion arenarius, Cynoscion
nothus

Barger and
Johnson, 1980

1979

evaluation of marks on hard
parts, age

Gulf coast

Powell and
Gordy, 1980

1979

egg and larval development,
larval length-weight

East coast

1977-1980

life history requirements,
reproduction, man use

Miss, sound, MS

Benson, 1982 (ed.)

Other species in study

McCambridge and
Alden, 1984

1979

juvenile growth rates,
length-weight relationship

East coast

Govoni et al., 1985

1980

episodic feeding in relation
to prey density, larvae growth
rates

Gulf coast

Cynoscion nebulosus, Micropogonias undulatus,
Pogonias cromis, Menticurrhus sp., Cynoscion
arenarius, Sciaenops ocellatus

Appendix II. (cont'd)
Henticirrhus sp.

Author(s)

Year(s) of
Study

Jannke, 1971

1966-1967

abundance, seasonality,
vertical distribution

Everglades, FI

Northern Gulf specie* excepting
Cynoscion nothus, Larimus fasciatus

Adkins et al.,
1979

1976-1977

abundance, distribution,
size ranges, seasonality

Louisiana

All but Larimus fasciatus. Cynoscion nothus

Benson, 1982 (ed.)

1977-1980

life history requirements,
reproduction, man use

Hiss, sound, HS

Cynoscion nebulosus, Leiostomus xanthurus,
Hicropogonias undulatus, Pogonias cromis
Cynoscion arenarius, Sciaenops ocellatus

Key words, information

Area

Other species in study

Appendix II. (cont'd)
Micropogonias undulatus

Author(s)

Suttkus, 1955b

Year(s) of
Study

1953

Key words, information

Area

seasonal movements, age and
growth

Louisiana

Other species in study

Hellier, 1962

1958-1959

fish production and biomass,
photosynthesis

Texas

Leiostomus xanthurus, Pogonias cromis, Cynoscion
nebulosus, Sciaenops ocellatus

Nelson, 1969

1963-1964

biology, spawning, abundance
and distribution

Alabama

Leiostomus xanthurus

Jannke, 1971

1966-1967

abundance, seasonality,
vertical distribution

EvergladeB, FL

Northern Gulf species excepting
Cynoscion nothus, Larimus fasciatus

Parker, 1971

1963-1965

seasonal abundance, spawning,
length-weight

Louisiana

Leiostomus xanthurus

Avault et al.,
1969

1966-1968

growth, survival, food habits,
sexual development

Louisiana

growth rate and length of stay

Louisiana

correlation between environment
and emigration

Louisiana

Arnoldi et al.,
1973
Clairain, 1974

1972

1972-1973

Chittenden, 1976

1974

simulations of fishing effects

Gulf coast

White and
Chittenden, 1976

1974

spawning, age determination,
growth, life span

Gulf coast

Appendix II. (cont'd)
HicropoRonias undulatus

Author(s)

Yakupzack et al.,
1977

Year(s) of
Study

1974-1975

Key words, information

Area

Other species in study

migration, impounded marsh,
emigration

Louisiana

none

Gutherz, 1976

1975

ground fish fishery, life
history, spawning

Gulf coast

none

Knudsen and
Herke, 1978

1975

growth rate and length of
stay in estuary

Louisiana

none

White and
Chittenden, 1977

1976

age determination, reproduction,
population dynamics

Gulf coast

none

Louisiana

Northern Gulf species excepting
Larimus fasciatus, Cynoscion nothus

Adkins et a l .,
1979

1976-1977

distribution, abundance, size
ranges, seasonality

Rogers, 1979

1977-1979

spatial and temperal distribution, Louisiana
estuary as nursery

Leiostomus xanthurus

Benson, 1982 (ed.)

1977-1980

life history requirements,
reproduction, man use

Hiss, sound,

Cynoscion nebulosus, Leiostomus xanthurus, Pogonias
cromis, Henticirrhus, Cynoscion arenarius,
Sciaenops ocellatus

Norcross and
Austin, 1981

1978

climatic scale factors
effecting year class

Bast coast

none

Barger and
Johnson, 1980

1979

evaluation of marks on hardparts, age

Gulf coast

Leiostomus xanthurus, Cynoscion arenarius, Cynoscion
nothus

Appendix II. (cont'd)
Pogonias cromis

Author(s)

Darnell, 1958

Year(s) of
Study

1956

Key words, information

Area

Other species in study

food habits

Louisiana

none

Hellier, 1962

1958-1959

fish production and biomass,
photosynthesis

Texas

Leiostomus xanthurus, MicropogoniaB undulatus,
Sciaenops ocellatus, Cynoscion nebulosus

Simmons and
Breuer, 1962

1949-1959

distribution, life history,
description

Texas

Sciaenops ocellatus

Jannke, 1971

1966-1967

abundance, seasonality, vert
ical distribution

Everglades, FL

Northern Gulf species excepting
Cynoscion nothus, Larimus fasciatus

migratory patterns, natural
tidal pass

Texas

all

distribution, abundance, size
ranges, seasonality

Louisiana

Northern Gulf species excepting Cynoscion nothus,
Larimus fasciatus

differential distribution,
reproduction, growth

Lit. review

none

life history requirements,
reproduction, man use

Hiss, sound, MS

King, 1971

Adkins et al.,
1979
Silverman, 1979

Benson, 1982 (ed.)

1970

1976-1977

1979

1977-1980

Cynoscion nebulosus, Micropogonias undulatus,
Leiostomus xanthurus, Menticrrhus sp.,
Cynoscion arenarius, Sciaenops ocellatus

Appendix II.
(cont'd)
Sciaenops ocellatus

Author(s)

Simmons and
Breuer, 1962
Darnell, 1958
Hellier, 1962

Year(s) of
Study

1949-1959

1956
1958-1959

Key words, information

Area

Other species in study

distribution, life history,
description

Texas

Pogonias cromis

food habits

Louisiana

none

fish production and biomass,
photosynthesis

Texas

Pogonias cromis, Micropogon undulatus, Cynoscion
nebulosus, Leiostomus xanthurus

Everglades, FL

Higman, 1967

1962

catch rates and environ
mental conditions

Topp and
Cole, 1968

1965

osteological study of sciaenops

Cynoscion nebulosus

none

Everglades, FL

Northern Gulf species excepting Cynoscion nothus,
Larimus fasciatus

Jannke, 1971

1966-1967

abundance, seasonality, vert
ical distribution

Boothby and
Avault, 1971

1967-1968

food habits, condition factor,
length-weight relationship

Louisiana

none

Bass and
Avault, 1975

1971-1972

food habits, length-weight
relationship, growth

Louisiana

none

Osburn et al.,
1982

1975-1978

movement in bays based on
commercial catch

Texas

none

delayed feeding/stacking density effects on growth

Florida

none

food and feeding, 59 taxa
identified as food

Mississippi

none

Roberts et al.,
1978

1976

Overstreet and
Heard, 1978

1976-1977

Appendix II. (cont'd)
Sciaenops ocellatus

Author(s)

Year(s) of
Study

Key words, information

Area

Other species in study

Adkins et al.,
1979

1976-1977

distribution, abundance, size
ranges, seasonality

Louisiana

All but Larimus fasciatus, Cynoscion nothus

Perret et al.,
1980

1977-1978

fishery profile, life history,
age and growth

Gulf coast

Cynoscion nebulosus

use of hardparts for age
determination, distribution
and biology

Gulf coast

Cynoscion nebulosus, Cynoscion nothus

life history requirements,
reproduction, man use

Miss, sound, MS

Cynoscionnebulosus, Menticirrhus americanus,
Micropogon undulatus, Pogonias cromis, Cynoscion
arenarius, Leiostomus xanthurus

description of eggs and larvae

Texas

none

distribution of young in sea
grass meadows

Texas

none

biological and fisheries
profiles

Lit. review

none

Williams et al.,
1980

Benson, 1982 (ed.)

Holt et a l.,
1981
Holt et a l .,
1983
Mercer, 1984

1978

1977-1980

1979

1981-1982

1984
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